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abordando os experimentos realizados, com resultados e discussão, além das 
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“... Se não puderes ser um pinheiro, no topo de uma colina,  
sê um arbusto no vale, mas sê  
o melhor arbusto à margem do regato.  
Sê um ramo, se não puderes ser uma árvore.  
Se não puderes ser um ramo, sê um pouco de relva  
e dá alegria a algum caminho.  
Se não puderes ser uma estrada, sê apenas uma senda,  
Se não puderes ser o Sol, sê uma estrela.  
Não é pelo tamanho que terás êxito ou fracasso...  
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Estima-se que 2 bilhões de pessoas consumam o etanol em todo o mundo, 
e destas 76,3 milhões apresentam doenças relacionadas ao seu consumo. 
Dentre elas, a esteatose hepática alcoólica (EHA), estágio inicial das 
doenças hepáticas alcoólicas, destaca-se como uma enfermidade 
diretamente relacionada ao estresse oxidativo e a desarmonia da 
homeostase lipídica. Já a úlcera gástrica é uma doença multifatorial que 
decorre do desequilíbrio entre fatores agressivos e protetores. Tais lesões 
merecem atenção especial devido à ausência de tratamento preconizado, 
ou ainda, à vasta quantidade de efeitos colaterais observados. Buscando 
uma nova alternativa de tratamento, investigamos o potencial 
farmacológico da Baccharis trimera (“carqueja”), planta popularmente 
utilizada para tratar distúrbios gastrointestinais, em modelos de lesão 
gástrica e EHA. O extrato hidroetanólico (HEBT) foi obtido das partes 
aéreas da planta e caracterizado por cromatografia líquida de alta 
eficiência. Para investigar a atividade farmacológica do HEBT frente à EHA, 
submetemos camundongos à ingestão de etanol a 10% e dieta 
hipoprotéica por 6 semanas. Nas duas últimas semanas os animais foram 
tratados diariamente com o HEBT (30 mg.kg-1, via oral). O estresse 
oxidativo induzido pelo etanol foi revertido pelo HEBT, que normalizou os 
níveis de LPO, ROS total e GSH, bem como a atividade das enzimas SOD, 
Cat, GPx e GST. Além disso, o HEBT corrigiu os níveis de colesterol (CHO) 
e triglicerídeos (TG), HDL e LDL plasmáticos, normalizou os níveis de TG, 
HDL e LDL hepáticos e aumentou a excreção fecal de TG. O HEBT 
também reverteu alterações histológicas e ultraestruturais induzidas pelo 
etanol e normalizou a expressão dos genes Cyp2e1, Nrf2 e Scd1. 
Adicionalmente, úlceras induzidas por uso agudo ou crônico de etanol e por 
ácido acético, ligadura do piloro e motilidade gastrointestinal foram 
avaliados em ratos e camundongos a fim de examinar a atividade 
gastroprotetora do HEBT. O extrato preveniu a ulceração aguda e crônica, 
diminuindo significativamente a área da lesão induzida por etanol e ácido 
acético, mas não protegeu contra a depleção de muco. Além disso, o HEBT 
não alterou o volume e acidez gástricos. Histologicamente, o tratamento 
acelerou a cicatrização, refletida pela contração da base da úlcera. A 
atividade antiulcerogênica do HEBT pode ser atribuída, em partes, à 
inibição da geração de radicais livres e consequente prevenção da 
lipoperoxidação, promovida pelos ácidos cafeilquínicos, componentes 
principais do extrato. Nenhum sinal de toxicidade foi observado. Nossos 
resultados indicam que o HEBT possui efeitos hepato- e gastroprotetores e 
que pode ser uma terapia promissora para o tratamento de doenças 











An estimated 2 billion people consume ethanol worldwide, and 76.3 million 
have ethanol-related disorders. Among them, alcoholic fatty liver disease 
(AFLD), early stages of alcoholic liver diseases, is directly related to 
oxidative stress and lipogenesis disruption. Regarding gastric ulcer, it is a 
multifactorial process that occurs through an imbalance between aggressive 
and protective factors. These injuries deserve special attention due the 
absence of preconized treatment, or even the vast amount of side effects 
observed. Searching for a new alternative treatment, we investigated the 
pharmacologic activity of Baccharis trimera (“carqueja”), a plant popularly 
used for gastrointestinal disorders, in gastric lesions models and AFLD. The 
hydroethanolic extract (HEBT) was obtained from the plant aerial parts and 
characterized by high-performance liquid chromatography. To investigate 
the pharmacologic HEBT activity against AFLD, we submitted mice to 10% 
ethanol ingestion and low-protein diet, during 6 weeks. In the last 2 weeks, 
mice were treated with HEBT (30 mg.kg-1, p.o.). The oxidative stress 
induced by ethanol was reversed by HEBT, which normalized LPO, total 
ROS and GSH levels, as well as SOD, Cat, GPx and GST activity. Beside 
this, HEBT corrected plasmatic cholesterol (CHO), triglycerides (TG), HDL 
and LDL levels, normalized hepatic TG, HDL and LDL levels and increased 
fecal TG excretion. HEBT also reverted histologic and ultrastructural 
alterations induced by ethanol and normalized Cyp2e1, Nrf2 e Scd1 gene 
expression. Additionally, gastric ulcers induced by acute or chronic ethanol 
or acetic acid consumption, pylorus ligature and gastrointestinal motility 
were evaluated in mice and rats to examine HEBT gastrointestinal 
protective effects. HEBT prevented acute and chronic gastric ulceration, 
decreasing significantly the lesion area induced by ethanol and acetic acid 
but not protect against mucus depletion. Besides this, HEBT did not altered 
gastric volume and acidity. Histologically, HEBT accelerated the healing, 
reflected by contractions of the ulcer base. HEBT antiulcerogenic activity 
may be partially attributable to the inhibition of free radical generation and 
subsequent prevention of lipid peroxidation, promoted by caffeoylquinic 
acids, the major components of extract. No signs of toxicity were observed. 
Our results indicate that HEBT have hepatic and gastroprotective effects 
and may be a promising therapy for hepatic and gastric disorders, due to 













1.1 Etanol: do consumo ao desenvolvimento de doenças gástricas e 
hepáticas 
Consumir etanol é um hábito em muitas culturas e seu abuso é comum 
em todo o mundo, sendo considerado um problema de saúde pública mundial 
(U.S. Department of Health and Human Services, 2010). Os efeitos nocivos do 
consumo de etanol, em especial o consumo pesado e crônico, estão bem 
estabelecidos e são causa e/ou fator de risco para mais de 60 tipos de doença, 
tonando o alcoolismo o terceiro principal fator de risco mundial para 
morbidades “evitáveis”, invalidez e mortalidade. Estima-se que o uso prejudicial 
da substância resulta em aproximadamente 2,5 milhões de mortes a cada ano, 
grande parte em decorrência de doenças hepáticas alcoólicas (Massey et al., 
2015; Who, 2011). 
Dentre os muitos sistemas que medeiam os efeitos do etanol sobre o 
organismo e sua homeostase, o trato gastrointestinal (TGI) desempenha um 
papel particularmente importante. Vários processos estão envolvidos nesta 
resposta: 1) é no TGI que ocorre a absorção e a conversão do etanol para 
compostos mais tóxicos e deletérios, como o acetaldeído; 2) O contato direto 
do etanol com a mucosa do TGI superior pode induzir diversas alterações 
metabólicas e funcionais que levam a acentuado dano de mucosa, resultando 
em diversas doenças agudas e/ou crônicas, como hemorragia e diarreia, por 
exemplo; 3) Alterações funcionais e danos na mucosa intestinal alteram a 
digestão de nutrientes, bem como sua utilização pelo organismo, contribuindo 
assim para a desnutrição e perda de peso observada em indivíduos alcoolistas; 
4) As lesões induzidas pelo etanol na mucosa do intestino delgado permitem o 
translocamento de grandes moléculas, como endotoxinas e outras toxinas 
bacterianas, que desta maneira atingem mais rapidamente a circulação 
sanguínea e linfática. Tais moléculas têm efeitos bastante deletérios, 
especialmente sobre o fígado (Bode & Bode, 1997). 
 Ao longo das últimas décadas, até os dias de hoje, as pesquisas estão 





crônico do etanol pode afetar a estrutura e a função do TGI, com atenção 
especial para as ações gástricas e hepáticas (Bode & Bode, 1997).   
 
1.2 Etanol e úlcera gástrica 
 Apesar da associação entre a ingestão excessiva de etanol e o risco de 
sangramento gástrico datar de 170 anos, os efeitos nocivos do etanol sobre o 
TGI superior têm sido sistematicamente estudados apenas nos últimos 15 anos 
(Rocco et al., 2014). Tanto o consumo agudo quanto o consumo crônico da 
substância podem interferir com a funcionalidade do estômago através de 
múltiplos e complexos mecanismos, dependendo tanto do contato direto do 
etanol e seu metabólito acetaldeído com a mucosa, quanto dos componentes 
não alcoólicos das bebidas, como produtos da fermentação, por exemplo (Bode 
& Bode, 1997; Rocco et al., 2014). Estes mecanismos resultam em 1) 
inflamação da mucosa esofagiana e gástrica; 2) modificação da pressão do 
esfíncter e falha na motilidade; e 3) alteração da produção ácida gástrica. 
Entretanto, todos estes mecanismos são dose-dependentes e reversíveis com 
abstinência (Rocco et al., 2014; Teyssen & Singer, 2003). 
 Úlceras gástricas são enfermidades comuns do TGI que afetam milhares 
de pessoas mundialmente (O’Malley, 2003). A ocorrência dessas lesões 
desencadeada pelo consumo de etanol é relatada há mais de 40 anos e o 
alcoolismo é considerado um fator de risco independente para a instalação e 
complicações de úlceras gástricas (Birdane et al., 2007; Robert, 1972). 
Entretanto, os mecanismos através dos quais o etanol danifica a mucosa 
gástrica ainda não estão totalmente elucidados. A ingestão de etanol pode 
causar edema, erosão, hemorragia e necrose por afetar diretamente a mucosa 
gástrica e assim afetar a capacidade de defesa da mucosa contra o ácido 
gástrico, a bile e as enzimas digestivas (Robert, 1972; Rocco et al., 2014). 
Estudos recentes demonstram que a alteração da microcirculação gástrica 
acompanhada pelo aumento dos níveis plasmáticos de endotelina (ET-1) e 
diminuição dos níveis de óxido nítrico (NO) e prostaglandina E2 (PGE2) podem 
contribuir criticamente para o dano da mucosa gástrica (Ning et al., 2012). O 





bicarbonato, medeiam a resposta imune, aumentam a síntese de proteínas e a 
renovação celular e, desta forma, aprimoram a capacidade de reparação 
tecidual (Ning et al., 2012). Em contrapartida, a ET-1 exerce uma atividade 
vasoconstritora gástrica bastante acentuada. Estudos prévios relatam elevados 
níveis plasmáticos de ET-1 e diminuição dos níveis de NO e PGE2 em ratos 
expostos a um consumo alto de etanol, quando comparados com animais 
basais (Lazaratos et al., 2001), sugerindo que os danos de mucosa e a 
diminuição da capacidade de reparação são consequência da estimulação de 
ET-1 e da inibição e síntese de NO e PGE2 (Lazaratos et al., 2001).   
Em relação às alterações que o etanol provoca sobre o esvaziamento 
gástrico, as pesquisas são contraditórias, e dependem da dose e do tipo de 
bebida ingerida. De fato, o esvaziamento gástrico parece ser acelerado após a 
ingestão de baixas doses de etanol, enquanto doses mais elevadas atrasam o 
esvaziamento e reduzem a motilidade (Bujanda, 2000). Entretanto, neste 
cenário, o excesso de produção de NO é apontado por diversas pesquisas 
como a principal causa dos distúrbios de motilidade gastrintestinal relacionadas 
ao consumo de etanol (Bagyánszki et al., 2011; Mashimo et al., 1996). 
Adicionalmente, o etanol pode afetar a secreção ácida gástrica. Baixas doses 
de etanol estimulam a secreção gástrica enquanto que elevadas doses podem 
ou não exercer efeito inibitório sobre a secreção (Teyssen & Singer, 2003). 
Efeitos contraditórios similares também são relatados quanto aos efeitos do 
etanol sobre a regulação celular endócrina de secreção ácida, promovida pelas 
células G. Enquanto alguns pesquisadores apontam diminuição do número de 
células G e aumento dos níveis plasmáticos de gastrina após o consumo 
crônico de etanol, outros grupos relatam que o consumo agudo ou crônico de 
etanol não afeta número de células G ou os níveis plasmáticos de gastrina 
(Koko et al., 1998; Todorović et al., 2008; Yamada et al., 1998).  
Os sinais clínicos da úlcera gástrica causam bastante desconforto ao 
paciente e incluem dor e queimação epigástrica que ocorrem à noite ou quando 
o estômago está vazio e são aliviados com alimentação ou uso de antiácidos 
(Fendrick et al., 2005). O diagnóstico da doença é feito com base no histórico 





Dentre os fármacos utilizados para o tratamento de úlceras gástricas, 
destacam-se os antibióticos para a erradicação de Helicobacter pylori, retirada 
de antinflamatórios não esteroidais e as drogas antiácidas, como os 
antagonistas do receptor tipo 2 da histamina e os inibidores da bomba de 
prótons (Kangwan et al., 2014). Entretanto, esta abordagem terapêutica é 
insuficiente para a completa cicatrização da úlcera e está diretamente 
associada à recorrência da lesão (Kangwan et al., 2014). Além disso, diversos 
efeitos colaterais como osteoporose, hipergastrinemia e desenvolvimento de 
tumores carcinoides são relatados (DeVault & Talley, 2009; Eom et al., 2011; 
Penston & Wormsley, 1987; Poynter et al., 1985; Sheen & Triadafilopoulos, 
2011). Neste sentido, é cada vez maior o interesse por novos agentes 
farmacológicos que tenham ação antiulcerogênica e apresentem menos efeitos 
adversos.  
 
1.3 Etanol e esteatose hepática alcoólica 
O fígado é o principal órgão biotransformador do etanol e 
consequentemente um dos principais alvos de lesões induzidas por tal 
substância. As doenças hepáticas alcoólicas (DHA) estão listadas entre as 20 
maiores causas de morte mundiais e também são responsáveis por elevada 
morbidade (Rehm & Shield, 2013). Nos Estados Unidos estima-se que 1 a cada 
3 transplantes hepáticos ocorram em consequência da DHA (Singal et al., 
2013). O risco de desenvolvimento da enfermidade aumenta de maneira dose e 
tempo-dependente e a susceptibilidade hepática para os efeitos tóxicos 
mediados pelo etanol é resultado das elevadas concentrações sanguíneas 
portais (versus sistêmica) da substância e das alterações metabólicas 
provenientes de seu metabolismo (Massey et al., 2015). 
As DHA induzidas pelo consumo crônico de etanol são caracterizadas por 
um amplo espectro de lesões (Liu, 2014). A alteração mais precoce é a 
esteatose hepática alcoólica (EHA), popularmente conhecida como “fígado 
gorduroso”, que ocorre em cerca de 80% de alcoolistas que consomem acima 
de 80 g de etanol por dia (Levene & Goldin, 2012). Destes indivíduos, 





esteatohepatite, que é caracterizada por inflamação e morte celular (Day, 2002; 
Levene & Goldin, 2012). Aproximadamente 40% dos indivíduos com 
esteatohepatite desenvolvem necroinflamação e fibrose (Levene & Goldin, 
2012) e cerca de 10% desenvolvem cirrose, o estágio final da DHA (Bellentani 
et al., 1997; Friedman, 2000; Levene & Goldin, 2012). Já o hepatocarcinoma 
celular ocorre em aproximadamente 1 a 2% dos indivíduos cirróticos (Seitz & 
Stickel, 2010). 
A EHA é uma condição predominantemente assintomática (exceto pela 
hepatomegalia) e reversível com abstinência, porém, é um fator de risco à 
progressão para estágios mais avançados da doença, como fibrose e cirrose, 
especialmente em pacientes não abstêmios (Beckingham, 2001). 
Histologicamente, a doença é caracterizada pelo acúmulo de lipídeos, em 
especial triglicerídeos e colesterol, no parênquima hepático, sendo a zona 3 
(região perivenular) a mais afetada devido à atividade metabólica mais elevada 
(Liu, 2014).  
Dentre os diversos fatores que favorecem a instalação e/ou progressão 
da EHA, destacam-se: a 1) alteração no estado redox provocada pela 
metabolização do etanol, 2) o estresse oxidativo, apontado por muitos 
pesquisadores como a força motriz para a instalação e progressão da DHA, e 
3) o desbalanço da homeostase lipídica (Sozio & Crabb, 2008; Szabo & 
Mandrekar, 2010). A hepatotoxicidade provocada pelo etanol pode ser direta ou 
indireta, através dos metabólitos provenientes de sua oxidação. Inicialmente, a 
enzima álcool desidrogenase (ALD) biotransforma o etanol à acetaldeído, que 
então é convertido a acetato pela enzima aldeído desidrogenase (ALDH; Ceni 
et al., 2014; Wilfred de Alwis, 2007). Durante o metabolismo, a nicotinamida 
adenina dinucleotídeo (NAD+) é utilizada como cofator, ocasionando assim um 
acúmulo de nicotinamida adenina dinucleotídeo reduzida (NADH) e 
consequente redução da razão NAD+/NADH (Ceni et al., 2014). Como 
resultado, diversas vias metabólicas, como o ciclo do ácido cítrico e a oxidação 
de ácidos graxos, são impactadas e favorecem a instalação da EHA (Ceni et 
al., 2014). Além disso, o acetaldeído altera a homeostase lipídica, através da 
indução da síntese e da diminuição da oxidação de lipídeos; e altera a 





endotoxinas, com consequente indução das células de Kupffer e produção de 
espécies reativas de oxigênio (ERO) (Ceni et al., 2014). Ademais, há 
envolvimento do citocromo P450 2E1 (CYP2E1) na biotransformação do etanol, 
promovendo a conversão do etanol a acetaldeído e em seguida a acetato, em 
uma reação bastante nociva que gera diversas ERO, como superóxido, 
peróxido de hidrogênio e radicais hidroxietil (Cederbaum, 2006; Terelius et al., 
1991; Wu et al., 1998). 
Outro mecanismo clássico através do qual o etanol promove 
hepatotoxicidade é a indução de estresse oxidativo, que é definido, em um 
conceito mais contemporâneo, como uma interrupção do controle e da 
sinalização do estado redox celular (Jones, 2006; Nagata et al., 2007). A 
oxidação do etanol através de CYP2E1, distúrbio na cadeia respiratória 
mitocondrial, ativação das células de Kupffer, desequilíbrio na lipogênese e 
produção de citocinas são mecanismos através dos quais o etanol induz um 
ambiente celular pró-oxidante (Albano et al., 1996; Bailey et al., 2009; Nagata 
et al., 2007). Entretanto, para combater as diferentes ERO geradas e manter a 
homeostase celular, diversos sistemas antioxidantes enzimáticos e não 
enzimáticos são estimulados. Dentre as principais enzimas antioxidantes 
destacam-se a superóxido dismutase (SOD), a catalase (Cat) e o sistema da 
glutationa, que inclui a glutationa reduzida (GSH), peroxidase (GPx) e S-
transferase (GST; Ha et al., 2010).  Quando o sistema antioxidante falha em 
combater ou converter as ERO em espécies reativas menos nocivas pode 
ocorrer lesão celular, especialmente em nível de membrana celular, refletida 
por aumento da lipoperoxidação (LPO; de Groot, 1994). A LPO é 
provavelmente a reação mais relevante associada à hepatotoxicidade induzida 
pelo etanol, uma vez que as membranas e as organelas subcelulares são os 
maiores alvos dos radicais lipídicos, produtos da LPO (Albano, 2002; Nagata et 
al., 2007).    
Finalmente, a esteatose hepática é resultado do desequilíbrio do 
metabolismo lipídico, refletido pelo aumento da síntese e pela diminuição da 
oxidação de lipídeos, especialmente triglicerídeos. Dentre os mecanismos 
envolvidos na quebra da homeostase lipídica, está o aumento da razão 





ao elemento regulador de esterol-1 (SREBP-1), diminuição da atividade de 
receptores ativados pelo proliferador de peroxissoma-α (PPAR-α) e diminuição 
da atividade da proteína quinase dependente do AMP cíclico (AMPK; Gao & 
Bataller, 2011; Violet et al., 2009; You et al., 2002).  
O diagnóstico da doença é baseado no relato do paciente de consumo 
de etanol por períodos prolongados, aumento dos níveis plasmáticos das 
enzimas γ-glutamiltransferase (γ-GT), aspartato e alanina aminotransferase 
(AST e ALT, respectivamente), além de exames de imagem, como 
ultrassonografia e tomografia computadorizada, que indicam hepatomegalia e 
presença de esteatose (European Association for the Study of the liver, 2012; 
Menon et al., 2005).  
Em relação ao tratamento, não há uma terapia singular capaz de atuar em 
todas as vias envolvidas na patogênese da EHA. Dentre as estratégias 
utilizadas para o tratamento, destacam-se a abstinência, mudanças de estilo de 
vida e uso de antioxidantes (Brown, 2011; Dixit et al., 2007; Frazier et al., 2009; 
Ratziu et al., 2015; Samuhasaneeto et al., 2007; Sodem et al., 2007; 
Tsukamoto et al., 2009). Entretanto, tais estratégias não são totalmente 
eficazes. Assim, pesquisas por novos agentes farmacológicos capazes de 
atuar em todas as vias envolvidas na instalação e/ou progressão desta 
enfermidade são extremamente necessárias, a fim de reverter a lesão tecidual 
e evitar a progressão para estágios mais severos da doença hepática alcoólica. 
 
1.4 Baccharis trimera e suas implicações terapêuticas 
O potencial das plantas como fonte de novas drogas ainda oferece grande 
campo para investigação científica, pois das cerca de 250 a 500 mil espécies 
conhecidas, somente uma pequena porcentagem foi investigada 
fitoquimicamente e apenas uma fração destas já foi avaliada quanto ao 
potencial farmacológico (Rates, 2001). Além disso, um grande número de 
espécies com uso medicinal tradicional ainda continua sem comprovação da 





Uma planta com intenso uso na medicina popular no Brasil e América do 
Sul e com reputação atrelada à ação antiácida e antiulcerogênica é a Baccharis 
trimera (Less.) DC, da família Asteraceae (Biondo et al., 2011). Conhecida 
popularmente como “carqueja”, a Baccharis trimera é uma das 120 espécies do 
gênero Baccharis encontradas no Brasil (Verdi et al., 2005). As partes aéreas 
da planta são utilizadas na medicina tradicional sob a forma de infusão, 
decocção ou tinturas para os mais diversos fins, como problemas hepáticos, 
digestivos, malária, diabetes, anemia, diarreia, inflamações urinárias, 
verminoses, (Verdi et al., 2005), hipercolesterolemia, disfunção erétil e 
reumatismo (Alonso, 1998). Algumas de suas atividades biológicas, como 
antihepatotóxica, antidiabética, antioxidante, antinociceptiva, antinflamatória e 
antiulcerogênica já foram relatadas e são atribuídas aos flavonoides, 
diterpenos, triterpenos, saponinas, óleos essenciais e ácidos cafeilquínicos 
presentes na planta (Biondo et al., 2011; Gené et al., 1996; Lorenzi & Matos, 
2002; Oliveira et al., 2005; Paiva et al., 2015; Simões-Pires et al., 2005; Soicke 
& Leng-Peschlow, 1987).  
Entretanto, os resultados encontrados na literatura são insuficientes para 
elucidar os mecanismos gastro- e hepatoprotetores atribuídos a essa planta, 
em especial os relacionados aos sistemas redox e antioxidante, que estão 
fortemente envolvidos na patogênese das doenças hepáticas alcoólicas e da 
úlcera gástrica induzida pelo consumo prolongado de etanol. Além disso, não 
há pesquisas especificamente apontando o potencial da B. trimera como 
agente farmacológico para o tratamento da esteatose hepática alcoólica, o que 












2.1.  Objetivo geral 
Investigar a atividade farmacológica hepato- e gastroprotetora do extrato 
hidroetanólico da Baccharis trimera (HEBT) frente a diversos modelos de lesão 
hepática e gástrica. 
2.2. Objetivos específicos 
1. No modelo de estudo de esteatose hepática alcoólica (EHA): 
 Investigar a ação hepatoprotetora do HEBT; 
 Avaliar alterações histológicas e o possível efeito benéfico do HEBT, 
através das técnicas de coloração por Hematoxilina/Eosina e Azul 
do Nilo; 
 Examinar alterações ultraestruturais, através de microscopia 
eletrônica de transmissão; 
 Dosar colesterol, triglicerídeos, lipoproteína de alta densidade e 
lipoproteína de baixa densidade plasmáticos, hepáticos e fecais, nos 
diferentes grupos experimentais; 
 Dosar os níveis plasmáticos de aspartato aminotransferase, alanina 
aminotransferase, glicose, amilase, albumina, proteínas totais, 
creatinina e ureia; 
 Explorar o sistema antioxidante e o envolvimento do estresse 
oxidativo na EHA, através da avaliação da atividade das enzimas 
superóxido dismutase (SOD), catalase (Cat), glutationa peroxidase e 
S-transferase (GPx e GST, respectivamente), bem como dos níveis 
de glutationa reduzida (GSH), espécies reativas de oxigênio totais e 
lipoperoxidação (LOOH); 
 Pesquisar o efeito do HEBT sobre a expressão de genes envolvidos 
no metabolismo hepático, no sistema antioxidante e na lipogênese, 





2. Nos modelos de estudo de lesão gástrica: 
 Investigar os efeitos farmacológicos do HEBT frente ao modelo de 
úlcera gástrica aguda, induzida por etanol; 
 Analisar a ação farmacológica do HEBT em um modelo de úlcera 
gástrica crônica, induzida por ácido acético; 
 Explorar a atividade farmacológica gástrica do HEBT em um modelo 
de consumo prolongado de etanol; 
 Induzir hipersecreção gástrica através da ligadura do piloro e 
investigar a ação do HEBT sobre a secreção e o pH gástrico; 
 Determinar quais são os efeitos do HEBT sobre a motilidade 
gastrointestinal; 
 Investigar a capacidade antioxidante in vitro do HEBT, através da 
avaliação do sequestro do radical livre estável DPPH; e in vivo 
através da atividade das enzimas SOD e GST, bem como dos níveis 
de GSH e LOOH; 
 Examinar a ação do HEBT sobre a produção de muco gástrico; 
 Analisar modificações histológicas induzidas pela administração de 
etanol e ácido acético, através da coloração com 
Hematoxilina/Eosina; 
 Verificar a toxicidade do HEBT através da determinação da dose 





















3. ARTIGO CIENTÍFICO 1 – “Molecular basis of alcoholic fatty liver 
disease: from incidence to treatment.” 
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Alcoholic liver diseases have complex and multiple pathogenic mechanisms but 
still no effective treatment. Steatosis or alcoholic fatty liver disease (AFLD) has 
a widespread incidence and is the first step in the progression to more severe 
stages of alcoholic liver disease, with concomitant increases in morbidity and 
mortality rates. The ways in which this progression occurs and why some 
individuals are susceptible are still unanswered scientific questions. Research 
with animal models and clinical evidence have shown that it is a multifactorial 
disease that involves interactions between lipid metabolism, inflammation, the 
immune response, and oxidative stress. Each of these pathways provides a 
better understanding of the pathogenesis of AFLD and contributes to the 
development of therapeutic strategies. This review emphasizes the importance 
of research on alcoholic steatosis based on incidence data, key pathogenic 
mechanisms, and therapeutic interventions and discusses perspectives on the 
progression of this disease. 
 
Key words: alcohol, alcoholic fatty liver disease, ethanol, pathogenesis, 







1. General Background 
Alcohol is a psychoactive substance whose consumption and health 
problems associated with it are widely prevalent around the world. The burden 
of alcohol-related disease and mortality remains alarming in most countries.1 
Harmful alcohol use ranks among the world's five largest risk factors for disease 
development, disability, and death worldwide.2 In fact, the World Health 
Organization estimated that alcohol consumption was responsible for 3.3 million 
deaths in 2013.3 This corresponds to 5.9% of all deaths or one of every 20 
deaths worldwide (7.6% for men, 4.0% for women). Alcohol use can also have 
social and economic consequences for individuals other than the drinker and 
society as a whole.4,5 Several social, environmental, and individual factors, such 
as culture, the availability of alcohol, public policy, age, gender, family risk 
factors, socioeconomic status, and culture, are relevant when explaining 
differences in vulnerability to alcohol-related problems between societies and 
individuals.6-8 
Alcohol consumption can be directly responsible for the development of a 
disease state per se or indirectly contribute to the onset and progression of 
other disorders. Such harmful effects of alcohol are determined in three spheres 
that are related to drinking: (1) initially, the volume of alcohol consumed (e.g., 
for all alcohol-attributable cancers, there is a dose-dependent relationship), (2) 
consumption pattern (e.g., chronic consumption or heavy episodic drinking), 
and (3) the quality of the beverage ingested (e.g., homemade or illegally 
produced alcoholic beverages contaminated with very toxic substances).9-12 
More than 200 health conditions have been associated with alcohol 
consumption. Among these are neuropsychiatric conditions, gastrointestinal 
diseases, cancers, intentional injuries, unintentional injuries, cardiovascular 
disease, fetal alcohol syndrome, diabetes mellitus, infectious disease, and liver 
diseases, which have a very strong relationship with alcohol consumption.12-14 
Alcoholic liver disease (ALD) is one of the major chronic liver diseases. It 
is highly prevalent and listed among the top 20 causes of death worldwide.15,16 
The number of patients with ALD around the world is unclear and probably 
underestimated. In the United States, the incidence may exceed 2 million 
cases.17 Alcoholic liver disease comprises a broad clinical and histological 





namely steatosis, which is reversible with abstinence and/or improvements in 
lifestyle. Severe alcoholic hepatitis (AH) and fibrosis can also occur, which may 
or may not improve with abstinence. Another related disorder is alcoholic 
cirrhosis (AC). This is the end stage of ALD, an irreversible disease with an 
unfavorable prognosis.18 Patients with AH and AC present mortality of 65% in a 
period of 4 years and can die within the first months, which makes the 
prognosis for this disease more threatening than many frequent cancers, 
including colon cancer, breast cancer, and prostate cancer.19 Moreover, 
continued alcohol use combined with “second hits” may further increase the risk 
of hepatocellular carcinoma.20 Figure 1 shows the steps of ALD progression. 
 
 
Figure 1. Steps of macro and microscopy alcoholic liver disease progression. ALD 
comprises a broad clinical and histological spectrum. Most of drinkers develop AFLD, but only 
some of them develop advanced ASH and progresses to AC. Factors like alcohol consumption, 
drinking patterns, nutrition, cigarette smoking, obesity, sex, age, genetic factors, oxidative 
stress, cytokines, endotoxin and lipotoxicity are trigger points for disease progression. 
Histologically, steatosis is defined as accumulation of fat molecules in droplets within 
hepatocytes, steatohepatitis is steatosis associated with an intense inflammatory process and 
cirrhosis is the end stage, with intense fibrosis and diffuse nodular formation. Abbreviations: 
ALD, alcoholic liver disease; AFLD, alcoholic fatty liver disease; ASH, alcoholic steatohepatitis; 
AC, alcoholic cirrhosis. 
 
 
Approximately 90% of heavy drinkers develop steatosis, but only some of 
them (35%) develop advanced ALD. This indicates two important points: (1) 
other factors, like gender, age, obesity, drinking patterns, dietary factors, 
genetic factors, and cigarette smoking, are involved, and (2) there are 





its progression to more severe stages.20-22 Considering the high incidence of 
steatosis, which is the initial stage of ALD, and lack of approved treatments, 
AFLD is an interesting research field that may lead to the development of 
therapeutic strategies that can lessen the profound health and economic impact 
of this disease. The present review discusses the pathogenesis of AFLD and 
possible therapeutic interventions. 
 
2. AFLD Definition 
One of the best-known biological effects of significant alcohol intake is the 
induction of fatty liver disease.23 AFLD is the first response of the liver to alcohol 
abuse. It is usually asymptomatic, except for hepatomegaly. It is defined 
histologically by the accumulation of fat molecules in both small (microvesicular) 
and large (macrovesicular) droplets within hepatocytes as a result of increased 
intracytoplasmic triglyceride formation.18,24 
 
3. Pathogenesis 
Studies in humans and rodents began to reveal the biological effects of 
alcohol on liver in the 1960s.25 The original hypothesis to explain this effect 
introduced redox shifts that are generated by the oxidation of alcohol by alcohol 
and aldehyde dehydrogenases, oxidative stress, and the mobilization of 
peripheral triglycerides from adipose tissue to the liver.26 Subsequent research 
showed that these mechanisms are insufficient to explain the initial theory. With 
regard to lipid accumulation in hepatocytes, various mechanisms have been 
described. Alcohol may cause steatosis by the induction of tumor necrosis 
factor- (TNF-), a decrease in fatty acid oxidation, and an increase in 
lipogenesis in hepatocytes. Cytokines can impair the transport and secretion of 
triglycerides. Sterol regulatory element-binding protein-1 (SREBP-1) and 
adenosine monophosphate activated protein kinase (AMPK) are two main 
lipogenic signaling pathways in the liver that are affected by alcohol.18 Several 
factors have been proposed to explain the pathogenesis of AFLD (Figure 2), 







Figure 2. Pathogenesis of AFLD. Alcohol can exert hepatotoxicity directly or indirectly 
through its metabolites. After consumption, ADH and CYP2E1 oxidize alcohol to acetaldehyde 
that is converted to acetate by ALDH and introduced into the citric acid cycle as acetyl-CoA. 
ROS are generated in several steps of alcohol metabolism and is highly deleterious since inhibit 
the antioxidant capacity of the hepatocyte, decreasing Cat, SOD and GSH or increasing lipid 
peroxidation and adducts formation. Alcohol increases the permeability of intestinal mucosa and 
sensitizes Kupffer cells to activation by endotoxins via TLR4. As consequence, increased 
production of TNF- , ROS, IL-1, IL-6, IL-8 and IL-10 occurs, which contribute to the onset of 
AFLD because cytokines can impair the transport and secretion of triglycerides. Alcohol also 
may cause steatosis decreasing fatty acid oxidation and increasing lipogenesis in hepatocytes. 
SREBP-1, FAS and AMPK are two main lipogenic signaling pathways affected by alcohol. 
Beside this, acute alcohol intake generates ROS that can activate autophagy that prevents lipid 
accumulation in early stages of ALD. However, chronic alcohol intake inhibits autophagy 
resulting in steatosis. Ultimately, HIFs activation occurs during periods of cellular hypoxia 
induced by chronic alcohol consumption, resulting in steatosis. Abbreviations: AFLD, alcoholic 
fatty liver disease; ADH, alcohol dehydrogenase; CYP2E1, cytochrome P450 2E1; ALDH, 
aldehyde dehydrogenase; ROS, reactive oxygen species; Cat, catalase; SOD, superoxide 
dismutase; GSH, reduced glutathione; TLR4, toll-like receptor 4; TNF-α, tumor necrosis factor 
alpha; IL, interleukin;  SREBP-1, sterol regulatory element-binding protein-1; FAS, fatty acid 
synthetase; AMPK, adenosine monophosphate activated protein kinase; ALD, alcoholic liver 
disease; HIFs, hypoxia inducible factors. 
 
 
3.1. Oxidative stress 
A classic mechanism of alcohol hepatotoxicity is its ability to induce free 
radical formation and consequent oxidative stress.27 Free radicals are 
molecules or molecular fragments that contain one or more unpaired electrons 
in atomic or molecular orbitals that are able to induce oxidative stress.28 In a 





signaling and control”.29 Hepatocytes have various potential sources of reactive 
oxygen species (ROS), which are induced or altered by chronic alcohol 
consumption, leading to an increase in the production of oxidants.29 Among 
these are oxidation that is induced by CYP2E1, the mitochondrial respiratory 
chain, the cytosolic enzyme aldehyde oxidase, Kupffer cell activation, 
lipogenesis disruption, and cytokine production.27,31 
Given that ROS production is a natural and persistent process, several 
enzymatic and non-enzymatic antioxidant systems are linked in the cellular 
protection. These include superoxide dismutase (SOD; which detoxifies the 
superoxide anion), catalase (Cat), and glutathione peroxidase (GPx), whose 
function is to detoxify cellular peroxides. Moreover, reduced glutathione (GSH), 
ubiquinone, and vitamins A, C, and E, which are low-molecular-weight non-
enzymatic antioxidants, also comprise this system.32 Although most ROS are 
converted to less reactive species or water by antioxidant systems before they 
can cause cellular damage, some of them can induce cellular injury, including 
lipid peroxidation (LPO), enzyme inactivation, and DNA mutations.33 Lipid 
peroxidation is probably the most relevant reaction that is associated with 
alcohol-induced hepatotoxicity because biomembranes and subcellular 
organelles are the major sites of lipid peroxide damage.27,34 Lívero et al. 
reported increasing levels of LPO in mice that developed steatosis after 6-week 
feeding with 10% alcohol and a low-protein diet. The same was observed with 
Cat and SOD activity, including increased levels of total ROS, indicating that 
oxidative stress contributed to the establishment of steatosis in that model.35 In 
a binge model, acute alcohol drinking also increased LPO and induced hepatic 
steatosis in mice. Treatment with cannabidiol, which has been reported to 
function as an antioxidant, protected the liver from alcohol-generated oxidative 
stress-induced steatosis.36 Tsedensodnom et al. found that ascorbic acid and 
N-acetylcysteine (NAC) blocked steatosis, and low doses of H2O2 and alcohol 
synergistically interact to cause hepatocyte dysfunction.37 
 
3.2. Alcohol metabolism 
Alcohol can exert hepatotoxicity directly or indirectly through its metabolites. 
In recent decades, significant progress has been made in understanding the 





contribute to the onset and progression of disease.38 The oxidation of alcohol is 
a two-step process that involves the enzyme alcohol dehydrogenase (ADH), 
which converts alcohol to acetaldehyde, which is then oxidized to acetate by 
aldehyde dehydrogenase (ALDH), with nicotinamide adenine dinucleotide 
(NAD+) as a cofactor.39 During alcohol metabolism, reduced nicotinamide 
adenine dinucleotide (NADH) accumulation occurs, with a consequent reduction 
of the NAD+/NADH ratio. This reduction has an important impact on several 
biochemical pathways, such as glycolysis, the citric acid cycle, fatty acid 
oxidation, and glucogenesis.39 In parallel, acetaldehyde has several hepatotoxic 
effects and alters hepatic lipid homeostasis, decreasing the transcriptional 
activity of peroxisome proliferator-activated receptors (PPARs) and increasing 
sterol regulatory element binding protein (SREBP) activity by an AMPK-
dependent mechanism.39 Furthermore, acetaldehyde alters the intestinal barrier 
and promotes endotoxin translocation and the consequent induction of Kupffer 
cells to release ROS, cytokines, and chemokines.39 
Cytochrome P450 (CYP450) is another metabolic system that connected 
with alcohol metabolism. CYP2E1 catalyzes the oxidation of alcohol to 
acetaldehyde and can also catalyze the oxidation of acetaldehyde to acetate in 
a harmful reaction that generates several ROS, such as superoxide, hydrogen 
peroxide, hydroxyl radicals, and hydroxyethyl radicals.40-42 Passeri et al. found 
that 32 h of continuous exposure to 2% alcohol in zebrafish caused steatosis 
and hepatomegaly through alcohol metabolism and oxidative stress.43 
Homologous ADH and CYP2E1 are expressed in the zebrafish liver and 
metabolize alcohol, leading to hepatic damage, reflected by changes in hepatic 
gene expression and steatosis intensity.37 
Catalase is an additional metabolic pathway attached with the oxidation of 
alcohol. In the liver, Cat plays no significant function, but in the brain, it is 
closely related to the metabolism of alcohol to acetaldehyde, which appears to 
have a function in alcohol tolerance and addiction.44,45 
 
3.3. Nuclear receptors and lipid homeostasis 
Nuclear receptors (NRs) belong to a family with 48 members of ligand-
activated transcriptional factors and have an important regulatory function in 





evidence suggests that some members of this family contribute to the control of 
drug disposition over the synchronized regulation of genes that are linked in 
hepatic uptake, phase I and phase II metabolism, the excretion of lipids, and 
bile acid homeostasis.48 NRs have been identified as lipid sensors. Their 
activation induces a metabolic cascade that maintains lipid homeostasis at the 
level of the transcription of genes that are involved in lipid metabolism, storage, 
transport, and elimination.47 
Nuclear receptor activity is controlled by the intracellular concentration of 
their specific ligands. Of these, bile acids are critical regulators of lipid 
metabolism and essential for lipid absorption and cholesterol homeostasis.49 
Several studies have suggested that the farnesoid X receptor (FXR; a bile acid 
receptor) plays a central function in hepatic lipid metabolism through the 
regulation of its related target genes.35,50 The activation of FXRs by small 
heterodimer partner (SHP) downregulates the liver X receptor (LXR) and its 
target genes, SREBP-1C and fatty acid synthetase (FAS), which inhibit the 
synthesis of triglycerides and promote the degradation of triglycerides, 
respectively. Liver X receptors inhibit fatty acid oxidation by activating PPAR-. 
Thus, FXRs play an essential role in triglyceride metabolism.50 
Several studies have indicated that alcohol intake may directly or indirectly 
regulate lipid metabolism athwart the upregulation of SREBP-1c and 
downregulation of PPAR-.21,51 Alcohol ingestion downregulates AMPK, which 
in turn inactivates acetyl CoA carboxylase, leading to a reduction of fatty acid 
synthesis and an increase in fatty acid oxidation over its effects on malonyl-CoA 
and carnitine palmitoyltransferase, promoting steatosis.52 Therefore, AMPK is a 
key element in the regulation of cellular energy homeostasis by limiting anabolic 
pathways and facilitating catabolic pathways.39 Additionally, the contribution of 
PPAR- to fatty acid homeostasis has been clearly demonstrated in PPAR- 
knockout mice that lack the ability to increase rates of fatty acid oxidation.53 
Clearly, PPAR- is emerging as a pivotal player in fatty acid metabolism.54 
Acting strictly in parallel to PPARs, SREBPs comprise a family of 
transcriptional factors that bind sterol regulatory element and control several 
enzymes that are involved in the synthesis of fatty acids.39,55,56 SREBP-2 





SREBP-1 (including SREBP-1a, SREBP-1c, and SREBP-2), the dominant form 
in cell lines, regulates gene-encoding proteins that are attached in both 
cholesterol genesis and lipogenesis.55,56 Lívero et al. reported an increase in the 
expression of SREBP-1 mRNA in mice that were fed 10% alcohol and a low-
protein diet, and these mice presented intense hepatic steatosis.35 Other 
researchers found that SREBP-1a overexpression in the liver is associated with 
high rates of fatty acid biosynthesis and the development of fatty liver. Ablation 
of the SREBP-1 gene results in the low expression of lipogenic genes.55-57 
 
3.4. Cytokine modulation and innate immunity 
Cytokines are soluble molecules that are produced by a wide range of cells 
in the body, including the major types of hepatic cells. They are attached in 
intercellular communication processes and mediate diverse fundamental 
biological activities, such as body growth, hematopoiesis, adiposity, lactation, 
inflammation, and immunity.58 In most tissue, including the liver, the constitutive 
production of cytokines is minimal or absent, but pathologic and/or physiologic 
stimuli can activate cells, leading to an increase in the production of these 
effector molecules and consequently tissue responses.59 Hepatocytes are 
targets of cytokine toxicity and also an increasingly recognized source of 
cytokine production.19 Although cytokines are essential for liver regeneration 
that is caused by injury, they may also play an important channel in the 
development and progression of ALD by the stimulation of inflammation, 
necrosis, apoptosis, and fibrosis.59, 60 
Alcohol consumption increases the permeability of intestinal mucosa and 
sensitizes Kupffer cells to activation by endotoxins via toll-like receptor 4. 
Deleterious paracrine effects of Kupffer cells activation include ROS or TNF-, 
interleukin-6 (IL-6), and IL-10-mediated damage to endothelial cells, which 
contribute to the onset and/or progression of ALD.61-64 Clinical and experimental 
approaches were used by Li et al. to evaluate whether steatosis has 
inflammatory biomarkers. These researchers found that serum TNF- levels 
were significantly higher in the steatosis group, coinciding with an increase in 
the severity of histological liver lesions.65 Furthermore, alcohol metabolism by 
ADH and CYP2E1 leads to acetaldehyde production, which interacts with 





Additionally, ROS formation as a consequence of CYP2E1 metabolism and 
antioxidant depletion, especially GSH, significantly contributes to the production 
of cytokines that precipitate cellular apoptosis mechanisms.66 
The initiation of ALD is associated with an increase in the levels of 
proinflammatory cytokines, including IL-1, IL-6, IL-8, and TNF-α, and decreases 
in the production of protective antiinflammatory cytokines, such as IL-10, by 
monocytes and Kupffer cells. In addition to its anti-fibrotic effects, IL-10 plays an 
important role in modulating the effects of TNF-.19 IL-6, IL-10, and IL-22 
appear to play a protective function in ameliorating AFLD over the activation of 
signal transducer and activator of transcription 3 (STAT-3).63,67 STAT-3 is a cell 
survival signal and appears to be linked in protection against hepatocellular 
damage in many models of liver injury.68 IL-6 has been reported to be an 
important factor that induces an acute phase response, liver regeneration, and 
hepatoprotection.68 Elevations of IL-6 associated with ALD may play a 
compensatory role in preventing hepatocellular damage in AFLD.63 Increasing 
evidence suggests that IL-22 plays an important function in preventing T-cell 
hepatitis, improving fatty liver, and stimulating liver recovery.69-71 
Chronic alcohol consumption inhibits autophagy, an essential process that 
attenuates lipid accumulation in hepatocytes.72,73 However, as mentioned 
above, acute alcohol intake generates ROS that can activate autophagy, thus 
indicating that this compensatory function can prevent lipid droplet congestion in 
early stages of ALD.74 
 
3.5. Methionine-folate cycle 
Several studies have indicated that alterations of the methionine-folate cycle 
can contribute to the development of ALD.75-77 Methionine, a sulphur-containing 
essential amino acid, exerts its metabolic effects athwart its conversion to S-
adenosylmethionine (SAM) in a methionine adenosyltransferase-dependent 
process.78 S-adenosylmethionine is a methionine metabolite that plays an 
important role in many vital functions and cell survival processes. For example, 
SAM is a precursor of polyamines and glutathione.79 Hepatic SAM depletion is 
associated with early and more advanced stages of ALD and a reduction of the 
formation of glutathione and polyamines. It also affects the methylation of RNA, 





adenosyltransferase, decreases the hepatic concentrations of betaine and 
folate (i.e., an endogenous precursor of methionine), and increases circulating 
levels of homocysteine.83,84 
 
3.6. Centrilobular hypoxia 
Chronic alcohol consumption leads to cell death in hepatic oxygen-poor 
pericentral regions, both in humans and animal models.85 During periods of 
cellular hypoxia, hepatocytes adapt to consume less oxygen and activate gene 
transcription to regulate glucose uptake and metabolism, erythropoiesis, 
angiogenesis, cell death, and cell proliferation.86 When oxygen concentrations 
are low, hypoxia inducible factors (HIFs) are activated. HIF-1 is a heterodimeric 
protein complex that has three subunits (HIF-1, HIF-2, and HIF-3). The 
redox-sensitive HIF-1α subunit is considered the major regulator of O2 tension-
sensitive genes in cells.87 HIF-2 has been shown to play a prominent route in 
regulating hepatic lipid metabolism.88 Increases in hepatic HIF-1 and HIF-2 
expression occur with both acute and chronic alcohol ingestion in mice, and this 
may explain why steatosis occurs early in hepatocytes of zone 3 (perivenular). It 
can also affect zone 2 and even zone 1 (periportal) when liver injury is more 
severe.21 
Some authors have reported that hepatocyte-specific HIF-1 knockout mice 
had more severe steatosis than wildtype mice after 6% alcohol exposure for 4 
weeks.89 In contrast, Nath et al. reported that hepatocyte-specific HIF-1 
knockout mice were protected against steatosis after 5% alcohol exposure over 
the same period of time.90 To resolve these disparate findings, Ni et al. recently 
demonstrated that hepatocyte-specific HIF-1 knockout mice were resistant to 
alcohol-induced steatosis, thus providing evidence to support the detrimental 
involvement of alcohol-induced HIF-1 activation in ALD.86 These findings may 
also help clarify previously conflicting findings in hepatocyte-specific HIF-1 
knockout mice. Besides these alterations at hepatocytes after exposure to 
toxins and development of coagulative necrosis and neutrophilic inflammation, 
sinusoidal cells also participate of pathogenesis.64 The most important changes 
like cellular swelling, blood cell aggregation and microcirculation disturbance 





4. Clinical signs and diagnosis 
The clinical distinction between AFLD and nonalcoholic fatty liver disease 
(NAFLD) is a great challenge. The misclassification of disease due to difficulties 
in gathering patient information and molecular process are analyzed individually 
rather than together. Thus, the liver disorders are rarely treated as complex 
diseases that really are.91 AFLD and NAFLD have histological and clinical 
similarity and in some situations the differential diagnosis of them may be 
difficult because some patients do not report alcoholism or under-report their 
use.92 Knowledge of whether patients ingest alcohol in an abusive manner is 
essential to determine the presence of ALD.  
 
4.1. Histological features 
Histological diagnosis of ALD requires liver biopsy, which can be done 
percutaneously.93 Four types of histopathological lesions determine ALD: a) 
steatosis; b) ballooning, c) inflammatory infiltrate and d) variable degree of 
fibrosis and change in parenchymal structure.94 Because liver biopsy is an 
invasive procedure with significant morbidity it is recommend only for patients 
with suspect of more severe forms of ALD providing a better prediction of the 
patients outcome.93 
 
4.2. Clinical diagnosis 
AFLD is predominantly an asymptomatic disease, but some clinical aspects 
of steatohepatitis (e.g., fever, anorexia, cachexia, neutrophilia, and 
hypoalbuminemia) have been linked to abnormal serum TNF- levels.62 The 
diagnosis of ALD is suspected upon relate of excess alcohol consumption and 
the presence of clinical abnormalities suggestive of liver injury.93 Because of the 
difficulty to obtaining an accurate historic of alcohol consumption, several 
biochemical blood markers are used to detect alcohol use and liver damage.  
Increased aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
-glutamyltransferase (-GT), and mean corpuscular volume (MCV) can indicate 
early stages of ALD whereas decreased albumin, prolonged prothrombin time 
and increased bilirubin level or thrombocytopenia show more aggressive 
stages.93 A parameter that can be used to differential diagnosis between 





NAFLD and values above 1 indicate AFLD.92 In AFLD, transaminase levels are 
elevated more than 5 to 10 times the normal value and AST values is generally 
higher than ALT level.95    
 
4.3. Hepatic imaging tests 
In addition to hepatic biomarkers, the presence of lipid infiltrates on 
radiological images (e.g., ultrasonography and computed tomography) and 
hepatomegaly may indicate the presence of steatosis.95 Liver biopsy is 
generally unnecessary for diagnosis, however can be useful to determine the 
degree of ALD and to exclude the presence of AC.95 This technique reveals 
polymorphonuclear infiltrates, centrilobular hepatocyte swelling and 
degeneration, macro and microvesicular steatosis, Mallory bodies and 




An ideal pharmacological treatment for AFLD would reduce inflammatory 
parameters, oxidative stress, and lipid accumulation and prevent fibrotic events. 
However, developing such a drug that is able to acting on so many different 
pathways is extremely difficult. For this reason, no single drug therapy has been 
developed, but combination therapies have been devised in an attempt to 
reverse hepatocyte injury. Among the strategies for the treatment of hepatic 
steatosis are lifestyle changes that seek to decrease alcohol consumption, 
smoking, and obesity and promote adequate nutrition. Because of the lack of 
clinical trials that have evaluated the efficacy of pharmacological agents for the 
treatment of AFLD, we discuss possible therapies based on animal researches 
and some clinical trials. 
 
5.1. Lifestyle changes and diet 
The first step in AFLD treatment is the cessation of alcohol use because 
persistent alcohol intake is the most causal risk factor for the progression of 
ALD.96 Abstinence at any stage of ALD dramatically changes the prognosis. 
The early identification of alcoholics and early classification of their liver disease 





Because of the vast number of mechanisms that are connected in the 
pathogenesis of AFLD, the diagnosis and treatment of comorbid diseases and 
symptoms, such as malnutrition, can be difficult. This is extremely important 
because of the high incidence of malnutrition among these patients.98 The 
nutritional status of alcoholics is hindered by primary malnutrition (e.g., 
anorexia, resulting in lower food intake) and secondary malnutrition (e.g., 
alterations in intestinal mucosa that result in the poor absorption and digestion 
of nutrients).78,99 Regular and chronic alcohol consumers are usually overweight 
because of the added calories from alcohol. These individuals substitute 
nutrients with calories from alcohol, that are considered “empty calories” that 
are devoid of biological value.78 Moreover, alcohol consumption profoundly 
affects the metabolism of macro- and micronutrients, decreases the uptake of 
amino acids, decreases the synthesis and secretion of proteins (lipoproteins, 
albumin, and fibrinogen) by the liver, and increases protein catabolism by the 
intestines through intense cellular regeneration.100 Correcting nutritional intake 
positively affects the production of proinflammatory cytokines because it helps 
maintain the integrity of the intestinal mucosa, which prevents the translocation 
of endotoxins.19 Furthermore, increases in the levels of antioxidants from an 
adequate diet potentially decrease cytokine production over the blockade of 
oxidative stress.19 Deficiencies in micronutrients, such as thiamine, folic acid, 
methionine, and pyridoxine, are found in almost all alcoholics. This imbalance 
should be corrected because nutritional support can improve liver function and 
prevent progression of the disease. 
Other lifestyle changes can significantly contribute to reversing alcohol-
induced liver damage. Obesity, which itself can cause non-alcoholic fatty liver 
disease, acts as an independent risk factor that negatively affects the intensity 
of damage. Furthermore, smoking has been associated with an increase in the 
risk of developing ALD and progression of the disease to more severe forms.20 
 
5.2. Antioxidants 
Owing to the great importance of oxidative stress in the pathogenesis of 
AFLD, several studies have focused on the use of antioxidants to prevent 
oxidative damage and improve liver function. Investigators have tested the 





the best-researched fat-soluble compound with protective effects on lipid 
membranes and unsaturated fatty acids. It also provides protection against 
oxidative damage that is induced by free radicals.101,102 In addition to its 
antioxidant properties, vitamin E protects the liver by blocking intrinsic apoptotic 
pathways or mitochondrial toxicity or downregulating inflammatory mediators 
that depend of nuclear factor-B.102-104 Kaur et al. evaluated the effects of 
vitamin E on molecular mechanisms associated with alcohol-induced oxidative 
stress in mice. Vitamin E supplementation restored redox status, reduced 
apoptosis, and prevented oxidative stress, the major cause of alcohol 
hepatotoxicity in this model.105 Although many studies have indicated beneficial 
effects of vitamin E in animal models, human trials have not been encouraging. 
Mezei et al. related that 1000 I.U. vitamin E per day, for 3 months, in patients 
with mild to moderate alcoholic hepatitis, improves serum hyaluronic acid but 
has no beneficial effects on tests of liver function. 106 However, studies 
evaluating non-alcoholic fatty liver disease (NAFLD) and non-alcoholic 
steatohepatitis (NASH) indicates that vitamin E supplementation had a positive 
effect in the ballooning degeneration, improvement of steatosis, lobular 
inflammation and fibrosis. 107 
Another compound with well-documented antioxidant effects is silymarin, 
which is obtained from Silybum marianum (milk thistle), an edible plant and one 
of the most popular forms of alternative medicinal therapies for liver injury.108,109 
The beneficial effects of silymarin in ALD can be explained by its antioxidant, 
antiinflammatory, immunomodulatory, and anti-fibrotic properties.110 As 
discussed above, alcohol consumption decreases the hepatic levels of GSH 
and increases AST, ALT, and -GT levels. Many studies have found that 
silymarin decreases LPO, reduces liver alterations, and retards the 
development of fibrosis in both acute and chronic models of alcohol 
consumption.110-112 However, other researchers failed to show promising results 
in patients with more severe forms of ALD.113-115 The effect of silymarin on liver 
function in patients with drug-induced elevation of ALT, AST and -GT was 
evaluated in a non-interventional study. Treatment with silymarin for 2 or 3 
months was considered safe, efficacious and promoted benefit in terms of liver-





ALD, the results are controversial. It was reported no changes in the evolution 
and mortality of patients that received treatment for 15 months117. However, 
increase of GSH and decrease of LPO levels in patients with alcoholic liver 
cirrhosis treated with silymarin for 6 months were also found.114  
A potent antioxidant that is used for steatosis treatment is N-acetylcysteine 
(NAC), a precursor of GSH.118 The rationale for using NAC only in early stages 
of ALD is based on the key involvement of oxidative stress in this disorder. NAC 
stimulates GSH synthesis, increases GST activity and detoxification, and 
interacts with ROS to scavenge free radicals.119,120 Evidence from animal 
models suggests that NAC is a potent hepatic antioxidant that abolishes LPO, 
depletes GSH, and stimulates the formation of protein adducts after chronic 
alcohol exposure.121,122 However, these benefits have not been observed in 




5.3. Emerging therapies 
 
5.3.1. Folate, betaine, and metadoxine 
Deficiencies in folate, which plays an important channel in homocysteine 
metabolism, are also involved in the pathogenesis of ALD.125 Folate 
administration increases the conversion of homocysteine to methionine in the 
hepatic methionine cycle, thus stimulating the synthesis of SAM to restore 
glutathione levels.126 In mice, SAM treatment was connected with the recovery 
of mitochondrial glutathione concentrations, reduction of LPO, and significantly 
reduction of steatosis and ALT levels.127 
Betaine (trimethylglycine) is an indispensable nutrient from foods or 
dietary supplements. As a methyl donor, betaine provides a methyl group to 
homocysteine to form methionine.79 In a Lieber-DeCarli alcohol-containing diet 
model, betaine administration for 2-4 weeks attenuated fatty liver, reduced 
homocysteine concentrations, and elevated SAM concentrations.128 
Metadoxine, also known as pyridoxine-pyrrolidone carboxylatethe, is a 
synthetic drug, the plasma concentrations of which can be four- to five-times 





glutathione, and adenosine concentrations in the liver and brain and acts in ALD 
by decreasing alcohol levels and acetaldehyde accumulation.126 In a double-
blind randomized study, 136 patients who were diagnosed with alcoholic liver 
steatosis received 150 mg metadoxine for 3 months. After 1 month of treatment, 
considerable decreases in AST, ALT, and -GT were observed, with a 
concomitant reduction of steatosis signals on ultrasonography.129 
 
5.3.2. Nuclear receptor modulators 
Given their importance in various metabolic pathways, NRs have been 
the subject of research and an attractive target for drug discovery.130 FXRs and 
PPARs are ligand-regulated transcriptional factors that are responsible for 
several regulatory effects on glucose, bile acids, and lipid homeostasis. A large 
number of synthetic FXR agonists are being tested for the treatment of lipid-
related diseases.131,132 Manley et al. reported that FXRs are essential for 
protection against acute alcohol-related hepatotoxicity. FXR knockout mice had 
higher ALT and hepatic triglyceride levels and presented impairments in 
autophagy compared with wildtype animals.133 After 6 weeks of alcohol 
exposure and a low-protein diet, the FXR agonist 6-ECDCA reversed alcohol-
induced increases in ALT, AST, triglycerides, and cholesterol in mice. 6-ECDCA 
also acted against oxidative stress and hepatic triglyceride and cholesterol 
accumulation, significantly reducing AFLD.35 
Zhang et al. described the protective effects of berberine, an AMPK 
regulator, against alcohol-induce oxidative stress and steatosis in mice. Blunted 
hepatic lipid accumulation, a decrease in oxidative stress by a reduction of LPO, 
GSH depletion, and mitochondrial oxidative damage were found and attributed 
to the restoration of PPAR- by berberine.134 
 
5.3.3. Cytokine modulation 
Increasing evidence indicates that IL-22 plays a role in homeostasis, the 
control of bacterial infection, tissue repair, and fatty liver improvements, and it 
has been proposed to be a possible therapeutic target.70,135,136 Ki et al. (2010) 
reported that IL-22 treatment ameliorated alcohol-induced liver injury in a 





the hepatic expression of antimicrobial genes, prevented LPO, and restored 
GSH levels, thus suggesting its therapeutic use in ALD.67 
 
6. Concluding Remarks 
In summary, alcohol consumption can lead to alcoholic hepatic steatosis. 
This condition occurs worldwide, has a high incidence, and is associated with 
socioeconomic costs that can be compounded by morbidity and progression to 
more severe stages of ALD. Among the pathophysiological mechanisms are 
alcohol metabolism, oxidative stress, the modulation of lipogenic genes, the 
modulation of cytokines, and centrilobular hypoxia. Despite the well-known 
pathophysiology of the disease and advances in the search for new treatments, 
no approved pharmacological treatments are available. Therefore, prevention, 
abstinence, and lifestyle changes remain the pillars of treatment to reverse 
hepatic lipid accumulation. Further investigations in the field are encouraged to 
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 Ethanol abuse is a serious public health problem and is associated with 
several alcoholic liver diseases (ALD), with high incidence of morbidity and 
mortality. Among them, alcoholic fatty liver disease (AFLD), the earliest stage of 
ALD, is a multifactorial disease that involves especially oxidative stress and lipid 
metabolism disruption. Although benign and reversible, there is no 
pharmacological treatment registered for this disease. Thus, we proposed to 
treat mice bearing-AFLD, induced by 10% ethanol and low protein diet, with oral 
hydroethanolic extract of Baccharis trimera (HEBT; 30 mg·kg-1). HEBT was able 
to reverse the oxidative status induced by ethanol in the liver, reducing the 
lipoperoxidation, and normalizing GSH level, GPx, GST, SOD and Cat activity, 
and total ROS levels. The reverser effect of HEBT was observed upon ethanol 
increased levels of plasmatic and hepatic triglycerides, plasmatic cholesterol 
and HDL; and plasmatic and hepatic LDL. Moreover, HEBT increased fecal 
triglycerides. HEBT also reduced the histological lesions in liver provoked by 
ethanol consumption. Finally, HEBT was able to alter the expression of genes 
involved in ethanol metabolism, antioxidant system and lipogenesis, such as 
CYP2E1, Nrf2 and Scd1, respectively. No signs of toxicity were observed in 
HEBT treated mice. For these reasons, we propose the hydroethanolic extract 
of Baccharis trimera as a promising pharmacological agent for the treatment of 
alcoholic fatty liver disease. 
 
















The harmful use of ethanol is one of the risk factors of greatest impact on 
morbidity, mortality and disability worldwide, being directly or indirectly 
responsible for 3.3 million deaths per year (World Health Organization, 2014). 
Among the consequences of excessive use of ethanol is alcoholic liver disease 
(ALD), one of the major chronic liver disease, that appears in the top 20 causes 
of death worldwide (Rehm & Shield, 2013; Xie et al., 2013). The spectrum of 
ALD comprises alcoholic fatty liver disease (AFLD, also namely steatosis), the 
earliest response to exceeding ethanol consumption, which is followed by more 
severe lesions, such as steatohepatitis (ASH) and cirrhosis (AC) stages (Gao & 
Bataller, 2011).  
AFLD, an asymptomatic condition, is characterized by triglyceride 
accumulation in hepatocytes (Orman et al., 2013). The ALFD triggering 
pathophysiological mechanism includes lipogenesis imbalance and generation 
of reactive oxygen species (ROS), and consequent oxidative stress generated 
by Kupffer cell activation, lipogenesis disruption, cytokines production, decrease 
in hepatic antioxidant defense, and ethanol metabolism mediated by alcohol 





Polavarapu et al., 1998). Ethanol metabolism by CYP2E1 produces superoxide 
anion (O2·-), peroxide hydrogen (H2O2) and hydroxyethyl radicals that are 
responsible for oxidative stress and lipid peroxidation (Sakaguchi et al., 2011). 
Lipid peroxidation is probably the most significant event associated with 
ethanol-induced hepatotoxicity (Albano, 2002; Nagata et al., 2007). The review 
of Lívero & Acco (2016) presents more details about AFLD pathogenesis. 
Regarding pharmacological treatment, there is no single drug therapy 
capable of acting in so many pathways to reverse hepatocyte injuries present in 
AFLD. An ideal agent would be able to reduce oxidative stress, lipid 
accumulation, inflammatory mediators, and prevent fibrotic events. Currently, 
the most effective in AFLD treatment is ethanol abstinence. However, therapies 
are urgently needed for those patients who are unable to stop drinking and to 
prevent the progression of AFLD, since mortality in patients with ASH and AC is 
around 65% in a period of four years (Altamiro & Bataller, 2011; McClain et al., 
2004).  
A vast field of research for new pharmacological agents is medicinal plant 
extracts, that have been used for health-related purposes since more than 5000 
years (Stickel & Shouval, 2015). The popularity and use of natural products 
grow exponentially over the past decades due to various reasons, including 
their use in curative and preventive medicine or just as healthy tonics; however, 
scientific evidence providing the beneficial effects of many medicinal plants is 
mostly lacking (Stickel & Shouval, 2015). One of the natural products used in 
folk medicine is Baccharis trimera (Less.) DC (B. trimera), a widespread South 
America plant (Paul et al., 2009). In Brazil it is popularly known as ‘carqueja’ 
and its aerial parts are used, in the form of tea, for the treatment of diabetes, 
inflammatory processes, and gastrointestinal and liver disease (Garcia et al., 
2014; Lermen et al., 2009). Some biological effects of B. trimera compounds 
include relaxant effect on vascular smooth muscle, blockade of the voltage-
dependent calcium channels, hepatoprotective effects, hypoglycemic, 
antioxidant and anti-inflammatory (Biondo et al., 2011; Brandão Torres et al., 
2000; Garcia et al., 2014; Oliveira et al., 2005; Paul et al., 2009; Rodrigues et 
al., 2009; Soicke & Leng-Peschlow, 1987). However, there is no research with 





In view of all problems exposed and searching for a possible AFLD 
pharmacological treatment, we evaluated if a hydroethanolic extract of 
Baccharis trimera (HEBT) can prevent the ethanol related-hepatotoxicity, 
reverting steatosis and oxidative stress in liver of mice under an ethanol and 
low-protein diet condition. 
 
2. Material and methods 
 
2.1. Chemicals 
Bovine serum albumin, DTNB (5,5’-dithiobis), DCFA (2’,7’-
dichlorofluorescein-diacetate), reduced glutathione, glutathione reductase, 
NADPH, xylenol orange, K2HPO4, KH2PO4, Tris 1M, EDTA 5mM, TRIS HCl (all 
from Sigma®, St. Louis, USA); CDNB (1-chloro-2,4-dinitrobenzene), pyrogallol, 
absolute ethanol and methanol, ferrous ammonium sulfate, hydrogen peroxide, 
trichloroacetic acid, formaldehyde, sodium azide (Vetec®, Rio de Janeiro, 
Brazil); Bradford (BioRad® Protein Assay), and ultra-pure water from a Milli-Q 
system were used for the eluent preparation. 
 
2.2. Botanical material, preparation and chemical analysis of HEBT 
Aerial parts of B. trimera [Less.] DC was harvested in the Garden of 
Medicinal Plants of Paranaense University (UNIPAR), Umuarama, Paraná, 
Brazil, which is located at 430 m of altitude above sea level (coordinates 
S23°47′55–W53°18′48). The herbarium of UNIPAR received a voucher 
specimen (no.220). The hydroethanolic extract (ethanol: water, 9:1) was 
prepared according to described by Lívero et al. (2016, “submitted”), stored in a 
tightly sealed glass bottle and kept in a freezer until its utilization. The freeze-
dried extract was dissolved in distilled water and 20 µl of 2% Tween 
immediately before the experiments. Chemical analysis of HEBT was previously 





The main classes of compounds in HEBT were investigated by detailed 
analysis of selected regions of the NMR 1D and 2D spectra and HPLC-
UV/PAD. Free sucrose, clerodane diterpenes, flavones, caffeoylquinic, 
dicaffeoylquinic and tricaffeoylquinic acid was found. Previous research of our 
group had described the HEBT analysis with more details (Lívero et al., 2016, 
“submitted”). 
 
2.3. Animals and diet 
Swiss male mice, 8-10 weeks old weighing 25-35 g were housed into 
individual cages, at 22 ± 2ºC under a 12/12 h light dark cycle with ad libitum 
access to food, water or ethanol, with consume weekly controlled. Ethical 
commit for animal use of Federal University of Paraná approved all of the 
procedures (no. 619) and experiments were performed in accordance with 
international standards and ethical guidelines on animal welfare. Chow, namely 
AIN-93G 6% Protein and AIN-93G 23% Protein Diet Pelleted (low-protein and 
normal-protein diet, respectively), were acquired from Rhoster® Industry and 
Commerce Ltda, São Paulo – SP - Brazil. 
 
2.4. Induction of hepatic steatosis and experimental design 
Hepatic steatosis was induced according to Lívero et al. (2014). During 6 
experimental weeks, the mice received a low-protein diet and fluid that 
contained either 10% ethanol (n = 16) or water (n = 6). In the last 2 weeks, the 
animals were redistributed into three groups for the initiation of treatment with 
HEBT (30 mg·kg-1, p.o.) or vehicle (water plus 2% Tween, 1 ml·kg-1) once a day 
for 14 days. At the same time, a naïve group feed with a normal-protein diet and 
water was evaluated.  Thus, the final groups were the following: Naïve (water + 
normal-protein diet + vehicle), WV (water + low-protein diet + vehicle), EV 
(steatotic group; ethanol + low-protein diet + vehicle), and EHEBT (ethanol + 





A naïve and a WV treated with 30 mg.kg-1 dose of HEBT were investigated 
in the same conditions aforementioned in relation to effects triggered only by 
the extract. No differences were found and the results are not show. 
The dose of HEBT was selected based on a curve dose-response performed 
with several oral doses (30 mg·kg-1, 90 mg·kg-1, 270 mg·kg-1, 810 mg·kg-1, once 
a day for 14 days, and 270 mg·kg-1 once a day during 21 days) in the same 
conditions above-mentioned. The criteria for the dose choice was the reversal 
of increase levels of hepatic transaminases and triglyceride accumulation 
induced by 10% ethanol and low-protein diet (data not show). 
 
2.5. Sample collection  
At the end of 6 experimental weeks, mice were fasted for 12 h and 
anesthetized with 80 mg·kg-1 dose of ketamine and 10 mg·kg-1 dose of xylazine, 
intraperitoneally. After laparotomy, blood was collect with heparinized syringes 
from the abdominal cava vein. Plasma was separated through centrifugation 
(4000 rpm for 10 minutes) and stored at -80ºC for biochemical analyses. 
Abdominal fat, kidneys and liver were harvested and weighed. Liver samples 
were rapidly separated and frozen in liquid nitrogen for oxidative stress, 
biochemical and molecular evaluations. Hepatic major lobe was stored for 
histological analyses. The euthanasia of mice was performed by puncture of the 
diaphragm, under anesthesia.  
Additionally, feces were collected directly from the animal cages in the last 
day of experiment and stored at -20oC until processing. This material was 
representative of 3 days’ feces accumulation.  
 
2.6. Liver histology 
 Two samples of hepatic major lobe were quickly harvested, fixed in 
buffered 10% formalin solution (distillated water, 35-40% formaldehyde, 
monobasic and dibasic sodium phosphate) and stored for posterior staining. 





wax, and sectioned at 6 μm for histological evaluation after hematoxylin/eosin 
(HE) staining. Other one was transferred to 10%, 20%, 30% sucrose solution, 
for 24 h at each concentration. After saturation, samples were stored in Tissue 
Tek® (O.C.T. Sakura®) and rapidly frozen in liquid nitrogen and sectioned at 6 
µm for Nile Blue staining. The hepatic sections were observed and 
photographed with a slide scanner from MetaSystems (MetaViewer® version 
2.0.100) at 20 and 40  magnification. Scores of steatosis and other lesions 
(inflammation, ballooning and presence of Mallory hyaline bodies) were 
evaluated according to proposed by Kleiner et al. (2005), with few modifications, 
which evaluate the liver zones: zone 1 encircles the portal veins, zone 3 located 
around central veins, and zone 2 located in between. The evaluation was 
performed in degrees: 0 means lesions within 5% of tissue; 2 between 6 to 
33%; 3 between 34 to 66% and degree 4 represents lesions between 67 to 
100% of tissue. 
 
2.7. Transmission electron microscopy 
Samples were prepared according to described by Guimaraes et al., 2009.  
Briefly, 1 mm3 of hepatic major lobe were fixed during 20 minutes with 
Karnovsky’s fixative (2% glutaraldehyde, 4% paraformaldehyde, 5 mM CaCl2, in 
0.1 M cacodylate buffer, pH 7.2). Then, samples were washed with cacodylate 
buffer and fixed with 1 mM CaCl2, 0.8% potassium ferricyanide, 1% osmium 
tetroxide in 0.1 M cacodylate buffer (pH 7.4) during 15 minutes and rinsed twice 
for 1 minute with the same buffer. Hepatic pieces were dehydrated with 50, 70, 
90 and 100% acetone (twice, for 3 minutes). After, samples were moved to 
bean capsules with 90% acetone and infiltrated in epoxy resin (Epon)/acetone 
solution (1:1) during 2 hours, following by 4 hours of pure Epon and a new Epon 
solution overnight. Polymerization was carried out for 48 hours at 60°C. Ultra-
thin sections were stained with aqueous uranyl acetate (15 min) and with lead 
citrate (2 min). Samples were visualized with a Jeol JEM 1011 transmission 





2.8. Measurement of hepatic triglycerides (TG), cholesterol (CHOL), high 
density lipoprotein (HDL), low density lipoprotein (LDL) and fecal TG and 
CHOL 
Liver and fecal samples were submitted to lipid extraction by gravimetric 
technique proposed by Folch et al. (1957) with few modifications. Liver and 
fecal lyophilized samples (200 mg) were mixed with 1.8 mL of hexane (98.50% 
pure) as solvent and heated at 80ºC. After resting overnight, the supernatant 
was transferred to a second flask and naturally evaporated. This procedure was 
repeated 3 times. Then the lipid content was weigh and suspended in 1 mL of 
chloroform (99.50% pure) and 2 mL of isopropanol (99.50% pure) for 
determination of hepatic levels of TG, CHOL, HDL, LDL and fecal levels of TG 
and CHOL using commercial kits (Kovalent®, São Gonçalo, Brazil) in a Mindray 
BS-200® automated device. The results are expressed as mg·dL-1 of hepatic or 
fecal homogenates. 
 
2.9. Plasma biochemistry analysis  
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), CHOL, 
TG, HDL, LDL, glucose, amylase, albumin, globulin, total protein, creatinine, 
and urea were evaluated in the plasma of mice using commercial kits (Labtest 
Diagnostica®, Lagoa Santa, Brazil and Kovalent®, São Gonçalo, Brazil) in a 
Mindray BS-200® automated device, which results are expressed as mg·dL-1. 
 
2.10. Preparation of hepatic homogenates for antioxidant system 
analyses  
Liver samples were homogenized with potassium phosphate buffer (0.1 M, 
pH 6.5) in a 1:10 dilution. Then, 100 µL were separated, suspended in 80 µL of 
trichloroacetic acid (12.50%), vortexed and centrifuged at 6000 rpm, during 15 
min; at 4ºC for glutathione reduced (GSH) analyze. The remainder homogenate 
was centrifuged at 9700 rpm, during 20 min, at 4ºC for glutathione S-





catalase (Cat), lipoperoxidation (LOOH), total content of ROS and amount of 
protein.  
 
2.11.  Evaluation of antioxidant system  
 Determination of reduced glutathione (GSH) levels 
Reduced glutathione levels were determined in hepatic homogenates 
according to propose by Sedlak and Lindsay (1968), with few modifications. For 
the assay, 20 µL of supernatant was added to 280 µL of TRIS buffer (0.4 M, pH 
8.9) and 5 µL of DTNB (0.01 M). Absorbance was read at 415 nm. The 
individual values were interpolated into a standard curve of GSH (0.375 – 3 µg) 
and are expressed as µg·g of tissue-1. 
 
2.11.1.  Determination of peroxidase glutathione (GPx) activity 
GPx was measured according to the method described for Paglia et al. 
(1967). Supernatant was diluted 1:30 in potassium phosphate buffer (0.1 M, pH 
6.5). Briefly, 10 µL of diluted supernatant and 130 µL of reaction solution 
[sodium phosphate buffer (0.1 M, pH 7); sodium azide (3.078 mM); NADPH 
(0.307 mM); GSH (3.07 mM) and 1.795 U·mL-1 of glutathione reductase) was 
mixed and incubated for 2 min. Then, 60 µL of hydrogen peroxide (1.5 mM) 
were added. The reaction was read at 340 nm and expressed as nmol·min-1·mg 
of protein-1. 
 
2.11.2.  Determination of glutathione S-transferase (GST) activity 
GST activity was measured using the method of Habig et al. (1974). 
Supernatant was diluted 1:80 in potassium phosphate buffer (0.1 M, pH 6.5). 
Reactions were performed in the presence of 100 µL of diluted supernatant and 
200 µL of reagent solution [CDNB (3 mM), GSH (3 mM), and potassium 
phosphate buffer (0.1 M, pH 6.5)] at room temperature. The conjugation of 
CDNB with GSH was monitored at 340 nm for 180 s. Specific activity was 
calculated using an extinction coefficient of 9.6·mM-1·cm-1 for GSH, and the 





2.11.3.  Determination of superoxide dismutase (SOD) activity 
SOD activity was measured through the ability of SOD to inhibit pyrogallol 
autoxidation, according to Gao et al. (1998). Supernatant was diluted 1:10 in 
potassium phosphate buffer (0.1 M, pH 6.5). Then, 60 µL of dilution was added 
to 1327.5 µL of Tris EDTA buffer solution (0.4 M, pH 8), vortexed and mixture 
with 75 µL of pyrogallol solution (15 mM). The reaction was incubated for 30 
min at room temperature and stopped with the addition of 37.5 µL of 1N HCl. 
The absorbance of the resulting supernatant was measured at 405 nm. The 
amount of SOD that inhibited the oxidation of pyrogallol by 50% (relative to the 
control) was defined as one unit of SOD and the enzymatic activity of SOD was 
expressed as U SOD·mg of protein-1. 
 
2.11.4. Determination of catalase (Cat) activity 
 The activity of Cat was evaluated according to proposed by Aebi (1984). 
Briefly, 5 µL of 1:10 supernatant dilution (in 0.1 M potassium phosphate buffer, 
pH 6.5) was mixed with a hydrogen peroxide solution (Tris EDTA buffer, pH 8.0; 
ultrapure water; and 30% hydrogen peroxide) and read at 240 nm. Results are 
expressed as mmol.min-1.mg of protein-1.  
 
2.11.5. Determination of lipid hydroperoxide (LOOH) content 
The levels of hepatic LOOH were determined using the ferrous oxidation-
xylenol orange (FOX2) method as described by Jiang et al. (1992). Briefly, 100 
μL of methanol P.A. was added to 100 μL of supernatant, vortexed, and 
centrifuged at 5000 rpm for 5 min at 4C. 100 µL of this supernatant was mixed 
with 900 µL of FOX2 reagent [BHT (4 mM), FeSO4 (250 µM), H2SO4 (250 mM), 
and xylenol orange (100 mM)], vortexed and incubated in the dark for 30 min at 
room temperature. Absorbance was read at 560 nm and the concentration of 
LOOH is expressed as mmol hydroperoxide·mg of protein-1. 
 
2.11.6.  Total ROS  
 The total ROS content was quantified through the 20-70-
dichlorofluorescein-diacetate (DCFH-DA) assay, previously proposed by Driver 
et al (2000). Briefly, 200 µL of 1:10 supernatant dilution (in 0.1 M potassium 





dimethyl sulfoxide), incubate during 40 min, at room temperature, in the dark. 
The formation of DCF was measured with a spectrofluorimeter in which the 
excitation and emission wavelengths were set at 485 and 506 nm, respectively, 
and results are expressed as fluorescence. 
 
2.11.7. Protein assay 
The protein content was measured to express the results of the oxidative 
stress parameters. Protein concentrations of the supernatants were determined 
by the Bradford method (1976). Supernatant was diluted 1:10 in potassium 
phosphate buffer (0.1 M, pH 6.5). Then, 10 µL of diluted supernatant was mixed 
with 250 µL of Bradford solution (Bio-Rad®, Hercules, CA, USA). Reading was 
performed at 595 nm. The individual values were interpolated into a standard 
curve of bovine serum albumin (125 – 1000 µg) and are expressed as mg of 
protein. 
2.12. Gene expression 
Measurements of genes involved in ethanol metabolism, oxidative stress, 
and lipogenesis were performed in liver tissue. The mRNA levels were 
determined for the following genes: Cyp2e1 (cytochrome P450 2E1), Nrf2 
(nuclear factor E2-related factor 2) and Scd1 (Stearoyl-CoA reductase). The 
complementary DNA (cDNA) was synthesized from 2 µg of RNA, while following 
all of the reaction steps in a PCR-thermo-cycler. The expression of the 
mentioned genes was obtained using LightCycler 480 System (Roche®), and 
described subsequently as mRNA relative expression, using 18S as the 
housekeeping gene. For this purpose, specific primers for murine genes were 
used, which sequences (5’ → 3’) were prepared by Invitrogen® (The 
Netherlands).  
 
2.13. Statistical analysis 
The data were analyzed for homogeneity of variance and normal distribution. 
Differences between means were determined by one-way analysis of variance 










4.1. Chow intake and body weight of mice 
No differences in chow intake, fluid consumption or body weight gain were 
observed between experimental groups (Supplementary table). The animals 
receiving HEBT did not shown signals of toxicity during the 15 days of 
treatment. 
 
Supplementary Table – Body weight and chow consumption of mice submitted to 
AFLD model and treated with vehicle or HEBT. 
 
Values are expressed as means ± S.E.M. (n = 6-8). Statistical comparison was performed using one-way 
ANOVA. 
 
4.2. Histological characterization of EHA and HEBT effects   
 Histopathological analyses confirmed the presence of steatosis already 
suggested by the macroscopic appearance of the liver (enlarged and pale), 
confirming the effectiveness of the disease model used. No alterations occurred 
in livers of naïve group. Ethanol induced significant cellular changes in liver of 
mice. Ballooning code 0 and 1, micro- and macro-vesicular steatosis grade 2 

















Naïve 37.83±2.12 64.33±3.84 38.85±2.29 65.33±9.83 38.89±2.30 68.00±8.32 
WV 36.41±1.01 65.67±4.33 38.30±0.90 59.33±2.72 39.97±1.41 61.33±11.67 
EV 36.57±1.39 68.25±7.92 39.49±2.08 54.00±9.33 42.62±3.14 51.25±4.32 





surrounds), were observed. HEBT was able to revert most of these alterations 
and only macro-vesicular steatosis grade 1 was observed. Nile blue staining, in 
which triglycerides stained in pink, confirmed the accumulation of lipids reveled 
by HE technique (vacuoles in with). Low-protein diet alone (group WV – water + 
low-protein diet + vehicle) caused few cellular modifications represented by 
hepatocyte ballooning code 1 and absence of steatosis (grade 0), localized 
mainly in zone 3. Figure 1 shows representative slides of these histological 
findings. 
 
Figure 1: Hepatic histology of mice staining with Hematoxylin-Eosin and Nile Blue, with 20x 
magnification. (A) Naïve group; (B) water + vehicle, (C) ethanol + vehicle, (D) ethanol + HEBT. 






4.3. Transmission electron microscopy 
An ultrastructural overview by transmission electron microscopy showed 
preservation of hepatic architecture, absence of macrolipids and organelles 
similar to lysosomes in naïve group. Several alterations were observed in 
ethanol fed mice: intense reduction of glycogen, presence of macrolipids and 
microvesicular bodies, many merging. Furthermore, we observed evidence of 
lysosomes and Kupffer cells (data not show), loss of membrane integrity, 
mitochondria surrounded by rough endoplasmic reticulum and a electrondense 
material surrounding macrolipids, compatible with peroxisomes. HEBT 
ameliorates lesions induced by ethanol even at ultrastructural level, represented 
by lower incidence of macrolipids and microvesicular bodies, and more 
evidence of glycogen content. Additionally, the cytoplasmic extend showed a 
region of vesicular aggregates similar with tubular and vesicular smooth 
endoplasmic reticulum.   Figure 2 shows the main alterations found at 







Figure 2: Ultrastructural overview by transmission electron microscopy of mice submitted to 
AFLD model. (A, B, C, D) Naïve group; (E, F, G) water + vehicle, (H, I, J) ethanol + vehicle, (K, 
L, M) ethanol + HEBT. Symbols: large white arrow: lysosomes; large arrow delineated in white: 
rough endoplasmic reticulum; head white arrow: glycogen; head arrow delineated in white: 
mitochondria; thin white arrow: nuclear pores; thin black arrow: nucleolus; angled arrow: 
electrondense material similar to peroxisomes; large arrow delineated in black: macrolipids; 
square delineated in with:  tubular smooth endoplasmic reticulum; square delineated in black: 
vesicular smooth endoplasmic reticulum. 
 
4.4. Measurement of plasmatic and hepatic TG, CHOL, HDL and LDL; and 
fecal TG and CHOL  
 Administration of 10% ethanol increased plasmatic TG and CHOL levels 
by 130.23% and 64.75%, respectively, compared with non-lesioned group 
(Naïve: 69.06 ± 6.83 mg·dL-1 and 83.76 ± 3.94 mg·dL-1, Fig. 3A and 3B, 





(Fig. 3A and 3B, respectively). Regardless plasmatic HDL and LDL levels, an 
increase of 41.78% and 378.16% happened in ethanol group, compared with 
the naïve group (Naïve: 57.96 ± 2.42 mg·dL-1 and 57.38 ± 2.99 mg·dL-1, 
respectively). Treatment with HEBT normalized HDL and LDL levels (Fig. 3C 
and 3D, respectively).  
 HEBT was able to reverse the increase in hepatic TG triggered by 
ethanol compared with basal values (331.60 ± 15.88 mg·dL-1, Figure 3A). 
Ethanol also increased hepatic LDL levels by 21.77% compared with naïve 
group (213.50 ± 4.33 mg·dL-1, Fig. 3D). No significant differences occurred in 
hepatic CHOL and HDL levels (Fig. 3B and 3C, respectively).  
 Fecal lipids dosages point out that HEBT was able to induce ( 35.73%) 
the excretion of TG compared with naïve group (104.1 ± 1.88 mg·dL-1, Fig. 3A). 
No significant differences among the groups were observed in fecal levels of 
CHOL (Fig. 3B). 
 
Figure 3: Plasmatic, hepatic and fecal levels of (A) triglycerides and (B) cholesterol; or 
plasmatic and hepatic levels of (C) high density lipoprotein and (D) low density lipoprotein of 
mice submitted to AFLD model. Values are expressed as mean ± SEM (n = 6-8). Statistical 
comparison was performed using one-way ANOVA followed by Bonferroni’s test. * p<0.05 when 





4.5. Plasma biochemistry 
Administration of 10% ethanol increased ALT and AST levels by 182.77% 
and 51.20%, respectively, compared with the naïve group (21.94 ± 2.64 and 
51.34 ± 4.70 mg·dL-1). Treatment with HEBT revert totally the increase in AST 
levels and decrease ALT levels by 92.88%, compared with steatotic group (EV). 
HEBT also restored glucose levels affected by ethanol (naïve: 195.70 ± 17.64 
mg·dL-1). Furthermore, 10% ethanol increased globulin and total protein levels 
by 106.03% and 28.97%, compared with naïve group (1.32 ± 0.13 mg·dL-1 and 
3.52 ± 0.14 mg·dL-1, respectively). The effect of low-protein diet was evident in 
urea levels, pointed by a decreased level in all groups that received the diet, 
compared with naïve group. HEBT did not revert this alteration. No significant 
differences between groups occurs in amylase, albumin and creatinine levels. 
Plasma biochemistry results are present in Table 1. 
TABLE 1 – Plasma biochemistry of mice fed to 10% ethanol and treated with HEBT 
or vehicle. 
 
Values are expressed as means ± S.E.M. (n = 6-8). Statistical comparison was performed using one-
way ANOVA followed by Bonferroni’s test. * p<0.05 when compared with naive.  
 
 Naïve  Water Ethanol Ethanol + HEBT 
ALT (mg.dL-1) 21.94 ± 2.64 29.05 ± 3.66 62.04 ± 1.91* 41.66 ± 4.27* 
AST (mg.dL-1) 51.34 ± 4.70 41.60 ± 3.30 77.63 ± 2.47* 47.73 ± 1.99 
Creatinine (mg.dL-1) 0.23 ± 0.02 0.20 ± 0.28 0.17 ± 0.25 0.35 ± 0.49 
Urea (mg.dL-1) 47.05 ± 2.82 23.40 ± 7.70* 22.40 ± 4.87* 28.13 ± 1.29* 
Amylase (mg.dL-1) 908.10 ± 52.48 924.1 ± 65.49 1011.00 ± 56.85 872.6 ± 39.09 
Glucose (mg.dL-1) 195.7 ± 17.64 239.4 ± 18.67 118.1 ± 11.78* 215.9 ± 20.25 
Globulin (mg.dL-1) 1.32 ± 0.13 2.43 ± 0.18* 2.73 ± 0.29* 1.76 ± 0.18 
Albumin (mg.dL-1) 2.17 ± 0.10 1.76 ± 0.17 1.80 ± 0.26 1,76 ± 0.17 





4.6. Effect of HEBT on markers of oxidative stress in AFLD 
Administration of 10% ethanol increased total ROS and LPO levels by 
63.81% and 23.19%, respectively, compared with non-lesioned group (naïve: 
2739.00 ± 197.30 nmol·mg of protein-1 and 23.45 ± 28.89 mmol 
hydroperoxides·mg of protein-1. A decrease occurs in Cat and SOD levels by 
24.90% and 19.78%, respectively, compared with the naïve group (301.20 ± 
22.66 mmol·min-1·mg of protein-1 and 46.15 ± 0.73 U SOD·mg of protein-1). 
Treatment with HEBT revert the increase in total ROS, LPO and the decrease in 
Cat and SOD levels. Regardless GSH system, increased levels of GST, GSH 
and GPx was observed in steatotic group, compared with naïve group (26.70 ± 
1.71 µmol·min-1·mg of protein-1; 161.60 ± 33.54 µg GSH·g of tissue-1 and 2.38 ± 
0.04 µmol·min-1·mg of protein-1, respectively). HEBT revert the elevation in 
GST, GSH and GPx levels. Low-protein diet alone was able to increased GSH 
levels by 239.78%, compared with naïve values. Results of oxidative stress 
parameters are present in Table 2. 
TABLE 2 – Hepatic markers of oxidative stress in mice bearing AFLD and 
treated with HEBT or water. 
Values are expressed as means ± S.E.M. (n = 6-8). Statistical comparison was performed using one-way 
ANOVA followed by Bonferroni’s test. LOOH: mmol hydroperoxides·mg of protein-1; Total ROS: nmol·mg 
of protein-1; GSH: µg GSH·g of tissue-1; GPx: µmol·min-1·mg of protein-1; GST: µmol·min-1·mg of protein-1; 
SOD: U SOD·mg of protein-1; Cat: mmol·min-1·mg of protein-1.  * p<0.05 when compared with naïve.  
 
 
 Naïve Water Ethanol Ethanol + HEBT 
LOOH  23.45 ± 0.91 19.60 ± 1.79 28.89 ± 1.42* 2171 ± 0.83* 
Total ROS 2739 ± 197.30 2943 ± 154.10 4487 ± 112.80* 3497 ± 127.30* 
GSH 161.60 ± 33.54 549.10 ± 17.62* 586.20 ± 36.82* 265.10 ± 39.93 
GPx 2.38 ± 0.04 2.99 ± 0.05* 3.61 ± 0.09* 2.43 ± 0.08 
GST 26.70 ± 1.71 23.83 ± 2.63 41.07 ± 2.68* 25.36 ± 1.82 
SOD 46.15 ± 0.73 54.78 ± 1.60* 37.02 ± 1.21* 50.02 ± 0.96 





4.7. Gene expression 
Ethanol consumption increased the gene expression of Cyp2e1 and Scd1 by 
132.00% and 615.00%, respectively (Fig. 4A and 4B, respectively). Daily 
treatment with HEBT reversed these alterations and elevated Nrf2 expression 
by 66.20% (Fig. 4C).  
 
Figure 4: Gene expression of A) Cyp2e1; (B) Scd1 and (C) Nrf2 of mice submitted to AFLD 
model. Values are expressed as relative expression, using 18S as the housekeeping gene (n = 
6-8) Statistical comparison was performed using one-way ANOVA followed by Bonferroni’s test. 
* p<0.05 when compared with naïve; #p<0.05 when compared with ethanol. 
  
5. Discussion 
In this research we evaluated the effects of a hydroethanolic extract of 
Baccharis trimera in a mice model of AFLD, combining 10% ethanol and low-
protein diet. The modified protein diet was should to be associated with onset 
and progression of ALD induced by nutritional deficiencies (Gramenzi et al., 
2006). Using this model previously proposed by our group (Lívero et al., 2014), 
we observed hepatic histopathological damage, disruption in lipid profile, 
increases in plasma transaminase levels, induction of oxidative stress and 





HEBT reverted these AFLD characteristics, as summarized at Figure 5. In 
consequence, we investigated HEBT as a possible pharmacological agent for 
this disease. 
 
Figure 5: Pathological pathways of AFLD induction and the interference of HEBT in this 
process. After consumption, ADH and CYP2E1 oxidize ethanol to acetaldehyde that is 
converted to acetate by ALDH. Ethanol can induce steatosis decreasing fatty acid oxidation and 
increasing lipogenesis in hepatocytes. Besides this, during ethanol metabolism, several ROS 
like O2.-, H2O2 and OH- are generated and inhibit the antioxidant capacity of the hepatocyte, 
decreasing Cat, SOD and GSH; and increasing lipid peroxidation, resulting in hepatic oxidative 
stress. Lipid peroxidation allow ALT and AST extravasation. Finally, ethanol interferes with Nrf2, 
a transcriptional factor of antioxidant, lipogenesis and detoxification genes. Taken together, 
these alterations induced by ethanol favors lipid accumulation and fatty liver disease initiation. 
HEBT played an important role in all steps, decreasing lipid peroxidation and oxidative stress, 
normalizing lipogenesis and inducing Nrf2. As consequence, ameliorating fatty liver disease. 
Abbreviations: ADH, alcohol dehydrogenase; AFLD, alcoholic fatty liver disease; ALDH, 
aldehyde dehydrogenase; AMPK, adenosine monophosphate activated protein kinase; ALT, 
alanine aminotransferase; AMPK, adenosine monophosphate activated protein kinase; AST, 
aspartate aminotransferase; Cat, catalase; CYP2E1, cytochrome P450 2E1; Fe2+, iron; GPx, 
peroxidase glutathione; GSH, reduced glutathione; GSSG, oxidizing glutathione; H2O, water; 
H2O2, hydrogen peroxide; HEBT, hydroethanolic extract of Baccharis trimera; NAD+, 
nicotinamide adenine dinucleotide; NADH,  reduced nicotinamide adenine dinucleotide; NADP+, 
nicotinamide adenine dinucleotide phosphate; NADPH, reduced nicotinamide adenine 
dinucleotide phosphate; Nrf2, nuclear factor erythroid 2-related factor 2; O2, oxygen;  O2.-, 
superoxide anion; OH- hydroxyl;  ROS, reactive oxygen species; SOD, superoxide dismutase; 
UGT, UDP-glucuronosyltransferase. 
 
Fatty liver is well characterized by large accumulation of lipids (mainly TG) 
spread into zone 1 and 2 hepatocytes (Liu, 2014). Previous reports show that 
lipid accumulation per se is not a key event of liver injury, since 1) lipid droplets 





and 2) this compartmentation in lipid droplets per se does not induce damage 
pathways (Schwabe & Maher, 2012). Instead, lipid flow in and out of these 
vesicles, being converted into potentially toxic mediators, is emerging as an 
important role of lipid-mediated hepatic damage (Schwabe & Maher, 2012).  
Thus, eliminating these droplets and consequent lipid efflux is a crucial way to 
preserve tissue integrity. In our study, besides TG accumulation indicated by 
histology, biochemical measurement of hepatic and plasmatic concentrations 
also reflected fatty liver and hyperlipidemia, with an accentuated elevation in TG 
and CHOL levels. Fernando et al., (2011) evaluated lipidomic changes in rats 
after long term-exposure to ethanol, and described vacuolization, fatty 
deposition and higher plasmatic levels of TG and CHOL after 2 and 3 
experimental months. Lu & Cederbaum (2015) also described increment in TG 
levels and hepatic fat accumulation produced by 4 weeks of ethanol. In our 
study, treatment with HEBT was able to revert hepatic TG accumulation, 
increase TG fecal excretion, and reduce hepatic and plasmatic levels of CHOL 
and TG induced by ethanol. Thus, HEBT protects hepatocytes against lipid-
mediated damage.  
Plasma biochemistry also revealed marked elevation of ALT and AST levels 
induced by ethanol, which was reversed when mice received treatment with 
HEBT. Our results are in accordance with previous reports that described 
increased transaminase levels of rodents submitted to ethanol consumption 
(Fernando et al., 2011; Lívero et al., 2014; Lu & Cederbaum, 2015; Segawa et 
al., 2008). The same occurs in humans. In a clinical trial, Kirpich et al., (2008) 
reported elevate levels of AST, ALT and GGT in alcoholics that were diminished 
when individuals were treated with probiotics.   
Prolonged ethanol consumption is also linked to enzymatic induction of 
CYP2E1, an important pathway of ethanol metabolism that has been 
recognized as a major contributor to ethanol-induced oxidative stress and liver 
injury (Gramenzi et al., 2006).  Lu, Zhang and Cederbaum (2012) reported a 
2.4-fold increase in Cyp2e1 in mice treated with ethanol. Induction of CYP2E1 
expression also occurs in humans, with 4- to 10-fold rise in mRNA levels in liver 
biopsy from subjects who drunk ethanol (Sakaguchi et al., 2011). Our results 





Cyp2e1 expression by 2.3-fold. However, simultaneous treatment with HEBT 
maintained levels within the naïve range. The regulation of CYP2E1 is crucial 
for liver homeostasis since activation of this CYP may contribute indirectly to 
ALD development by interaction with cytochrome reductase, leading to electron 
leaks in respiratory chain and consequent overproduction of superoxide anion 
(Lieber, 1999; Malaguarnera et al., 2009; Polavarapu et al., 1998; Wu & 
Cederbaum, 2005), inducing oxidative stress. The ability of ethanol to induce 
oxidative stress is well recognized (Beier & McClain, 2010; Cederbaum et al., 
2009; Lívero et al., 2014). Besides ethanol-induced ROS formation and 
antioxidants depletion, malnutrition per se also promotes the depletion of 
endogenous antioxidants like glutathione and vitamin A, E and C (Gramenzi et 
al., 2006). However, in our study, despite a low-protein diet, we found an 
interesting augment in GSH levels induced by diet. Surprisingly, HEBT 
treatment reverted this elevation. Apart from these observation, and in line with 
augmented ROS formation and a decrease in the antioxidant system, we found 
increased levels of oxidative stress biomarker. Hydroperoxides, and lipid 
peroxidation biomarkers, were significantly elevated in mice that received 
ethanol. Several studies indicate that tissue damage caused by ethanol is 
mediated by lipid peroxidation (Nagata et al., 2007; Sakaguchi et al., 2011). 
Through reversion of lipid peroxidation, HEBT prevented hepatic damage and 
consequent leakage of liver transaminases, such as ALT, for example. 
Furthermore, the importance of maintaining redox state balance to reverse 
AFLD was evident in our study. Ethanol induced hepatic oxidant environment 
reflected by elevate levels of lipoperoxidation, total ROS, GSH, GPx and GST 
and diminished levels of Cat and SOD. These capacity of ethanol to induce 
oxidative stress rationalizes the use of antioxidants to protect liver against 
oxidative damage. The antioxidant activity of B. trimera previously described in 
others models (Lívero et al., 2016 “submitted”; Pádua et al., 2010; Pádua et al., 
2014) was confirmed also in AFLD model and revert all oxidative parameters 
altered by ethanol in the liver.  
The antioxidant effect and the reduced lipogenesis diminished in HEBT-
treated mice of our study can be correlated, at least in part, with induction of the 





essential transcriptional factor of antioxidant, detoxification, biotransformation 
and lipogenesis genes (Bataille & Manautou, 2013; Tanaka et al., 2008; Tanaka 
et al., 2012; Xing et al., 2015). Preliminary studies established that ethanol-
induced lipid peroxidation, oxidative stress and liver-associated mortality are 
increased in Nrf2-knocked down cells or Nrf2-null mice (Gong & Cederbaum, 
2006; Lamlé et al., 2008). Beside its strong involvement with antioxidant 
system, Nrf2 also upregulates the expression of phase II enzymes, like UGT 
(UDP-glucuronosyltransferase), that has significant ethanol-metabolizing activity 
with less ROS production, that is advantageous for liver homeostasis (Buckley 
& Klaassen, 2009). Finally, Nrf2 downregulates the expression of Scd1, a 
lipogenic enzyme, probably through induction of adenosine monophosphate 
activate protein kinase (AMPK) activity (Dobrzyn et al., 2004; Dobrzyn et al., 
2005; Kim et al., 2011). AMPK is a key element in lipogenesis by limiting 
anabolic pathways and facilitating catabolic pathways (Ceni et al., 2014). Thus, 
the elevation in Nrf2 levels induced by HEBT promotes beneficial effects upon 
several parameters of AFLD, like oxidative stress and lipogenesis control, for 
example. 
 Finally, no signs of toxicity were observed with HEBT treatment. Previous 
studies of acute toxicity test of HEBT showed no evidence of toxicity, such as 
no alterations in water or food intake, behavioral changes, or body and organ 
weight, suggesting the absence of toxicity of different doses. HEBT were 
administered orally (50-5000 mg·kg-1) or intraperitoneally (1000 mg·kg-1), 
indicating the safety of HEBT, even in higher doses (Lívero et al., 2015; 
“submitted”) than used in the present experiment (30 mg·kg-1). 
 
Conclusions 
 Considering the absence of approved drugs to revert, to control or 
prevent ALD progression, and taking in account our results exposed in an AFLD 
model, the hydroethanolic extract of Baccharis trimera is a promising 
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5. ARTIGO 3 – “Baccharis trimera hydroethanolic extract promotes 
gastroprotection and healing of gastric lesions induced by acute and 
chronic ethanol consumption.” 
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Purpose Ethanol is a psychoactive substance highly consumed around the 
world whose health problems include gastric lesions. Baccharis trimera is used 
in folk medicine for the treatment of gastrointestinal disorders. However, few 
studies have evaluated its biological and toxic effects. To validate the popular 
use of B. trimera and elucidate its possible anti-ulcerogenic and cytotoxic 
mechanisms, an hydroethanolic extract of B. trimera (HEBT) was evaluated in 
models of gastric lesions. Methods HEBT was characterized using HPLC. Rats 
and mice were used to evaluate the protective and anti-ulcerogenic effects of 
HEBT on gastric lesions induced by ethanol, acetic acid, and chronic ethanol 
consumption. The effects of HEBT were also evaluated in a pylorus ligature 
model and on gastrointestinal motility. The LD50 of HEBT in mice was 
additionally estimated. Results HEBT presented caffeoylquinic acids, which 
contributed to the HEBT therapeutic efficacy, preventing or reverting ethanol- 
and acetic acid-induced ulcers, respectively. Oral HEBT administration 
significantly reduced the lesion area and the oxidative stress induced by acute 
and chronic ethanol consumption. However, HEBT did not protect against 
gastric wall mucus depletion and did not alter gastric secretory volume, pH, or 
total acidity in the pylorus ligature model. Histologically, HEBT accelerated the 
healing of chronic gastric ulcers in rats, reflected by contractions of the ulcer 
base. HEBT antiulcerogenic activity may be partially attributable to the inhibition 
of free radical generation and subsequent prevention of lipid peroxidation. 
Conclusion Our results indicate that HEBT has both gastroprotective and 
curative activity in animal models, with no toxicity. 
 
Key words: gastric ulcer, ethanol, oxidative stress, anti-ulcerogenic, Baccharis 
trimera 
 
Abbreviations: NSAIDs: antiinflammatory drugs; ROS: reactive oxygen 
species; B. trimera: Baccharis trimera; HEBT: hydroethanolic extract of B. 
trimera; NMR: nuclear magnetic resonance; HPLC: high performance liquid 
chromatography; DPPH: 2,2-Diphenyl-1-picrylhydrazyl; WV: water+vehicle; EV: 
ethanol+vehicle; EHEBT: ethanol+HEBT; GSH: reduced glutathione; LOOH: 





transferase; LD50: median lethal dose; ROS: reactive oxygen species; SEM: 
standard error of the mean. 
 
1. Introduction and background 
Alcoholic beverages have been consumed worldwide for centuries in 
cultural, social, religious, and medical contexts (Chai 2011). An estimated 2 
billion people consume ethanol worldwide, and 76.3 million have ethanol-related 
disorders (WHO 2008). Among the systems of the body that are affected by 
prolonged ethanol exposure, the gastrointestinal tract deserves special attention 
because gastric lesions are a frequent problem in ethanol abusers. Direct 
contact between ethanol and mucosa induces many functional and metabolic 
modifications (Chai 2011). Damage to the stomach in alcoholics differs from 
damage to other organs, such as the liver, because ethanol consumption 
affects the upper gastrointestinal tract through multiple and complex 
mechanisms. These mechanisms depend on contact with ethanol that can 
cause direct mucosal damage (Franke et al. 2005) or nonalcoholic components 
(e.g. fermentation products) (Rocco et al. 2014). Thus, alcoholism is considered 
an independent risk factor for the initiation and complications associated with 
ulcerative disease, similar to smoking, stress, Helicobacter pylori infection, and 
the chronic use of nonsteroidal antiinflammatory drugs (NSAIDs) (Birdane et al. 
2007; Galuska et al. 2002; Gisbert and Pajares 2003). 
Gastric ulcers are a common disorder of the gastrointestinal tract that affects 
millions of people around the world (O’Malley 2003). The development of gastric 
ulcers is a multifactorial process that occurs through an imbalance between 
aggressive (e.g., acid secretion and pepsin) and protective (e.g., mucus barrier, 
bicarbonate secretion, and antioxidant defenses) factors that are present in 
gastric mucosa (Choi et al. 2009). Additionally, chronic ethanol consumption 
can promote gastric ulceration by decreasing mucus production, cell 
proliferation, and mucosal blood circulation by increasing (ROS) production and 
causing an exaggerated inflammatory response (Issac et al. 2015; Takeuchi 
2012).  
The available strategies for the treatment of gastric ulcers include acid-
suppressant drugs, such as type-2 histamine receptor antagonists (H2-RAs), 





and NSAID withdrawal (Kangwan et al. 2014). However, acid-suppressant 
drugs have failed to meet pharmacological expectations, and side effects have 
been reported, such as osteoporosis, hypergastrinemia, the hyperplasia of 
enterochromaffin-like cells, and the development of carcinoids in gastric 
mucosa (DeVault and Talley 2009; Eom et al. 2011; Penston and Wormsley 
1987; Poynter et al. 1985; Sheen and Triadafilopoulos 2011). Moreover, this 
therapeutic approach is insufficient for complete ulcer healing and intimately 
associated with ulcer recurrence (Kangwan et al. 2014). In light of these 
considerations, there has been growing interest in the development of new 
pharmacological agents with protective effects against gastric ulcers that 
present good efficacy and fewer side effects. 
Baccharis trimera (Less.) DC, popularly known as “carqueja” in Brazil, is a 
plant of the Asteraceae family that is often used in traditional medicine as a 
treatment for or prevention against gastrointestinal and hepatic diseases 
(Garcia et al. 2014). Its use was inherited from indigenous since centuries ago 
(Losqui et al. 2009). Several biological activities reported for B. trimera, 
including antihepatotoxic, antidiabetic, schistosomicidal, antioxidant, 
antinociceptive, and antiinflammatory effects are attribute to flavonoids, 
diterpenes, triterpenes, saponins, essential oils and caffeoyl quinic acids (Gené 
et al. 1996; Oliveira et al. 2005; Oliveira et al. 2012; Simões-Pires et al. 2005; 
Soicke and Leng-Peschlow 1987). Some studies also showed B. trimera 
antiulcerogenic activity. In a stress-induced ulcer model and pylorus ligature 
model, Biondo et al. (2011) reported the antiulcer and antisecretory activity of 
1000 and 2000 mg·kg-1 dose of aqueous B. trimera extract. Mendonça et al. 
(2013) also described anti-ulcer activity of B. trimera in a stress-induced ulcer 
model and acute gastric ulcer induced by ethanol using 100, 200 and 400 
mg·kg-1 dose of hydroethanolic extract. Finally, Dias et al. (2009) described 
protective effects of these doses of hydroethanolic B. trimera extract in a 
hydrochloric-induced ulcer model.  
In despite of described antiulcerogenic activity of B. trimera, the reports in 
the literature are insufficient to elucidate the gastroprotective mechanisms that 
are promoted by this plant. Additionally, the studies described antiulcerogenic 
effects with high doses of extract, which makes unfeasible the proposition of B. 





Beyond that, the researchers did not evaluate the gastric antioxidant system, 
which is strongly involved in the pathogenesis of gastric ulcer. Finally, there are 
no studies evaluating the effects of chronic ethanol consumption on the 
stomach neither the possible protective effects of B. trimera in this situation.  
Considering these, the present study (1) evaluated the gastroprotective 
effects of lower doses of hydroethanolic extract of B. trimera (HEBT) against 
acute and chronic ethanol exposure, (2) the gastric ulcer healing activity of 
HEBT in acetic acid-induced chronic ulcers, (3) the possible action mechanisms 
of HEBT, (4) the effects of HEBT on gastric emptying and intestinal motility, and 
(5) investigated the toxicity of HEBT. 
 
2. Material and methods 
2.1 Chemicals 
The following substances were used: Alcian blue, bovine serum albumin, 
2’,7’-dichlorofluorescein-diacetate, 2,2-diphenyl-1-picrylhydrazyl, 5,5’-dithiobis 
(2-nitrobenzoic acid), evans blue, reduced glutathione, omeprazole, pyrogallol, 
and xylenol orange (all from Sigma, St. Louis, USA); absolute ethanol (P.A), 
absolute methanol (P.A), acetic acid, ascorbic acid, diethyl ether, N,N-
dimethylformamide, formaldehyde, hydrogen peroxide, magnesium chloride, 
sodium acetate, sodium carbonate, sucrose, and trichloroacetic acid (Vetec, Rio 
de Janeiro, Brazil). For chemical analyses, methanol (HPLC grade, Panreac), 
trifluoroacetic acid (analytical grade, Vetec), and ultra-pure water from a Milli-Q 
system were used for the eluent preparation. Deuterated methanol (CD3OD; 
Aldrich) was used for NMR analyses. 3,5-O-[E]-dicaffeoylquinic acid, previously 
isolated and identified by NMR (Strapasson et al. 2015), was used as authentic 
chemical reference. 
 
2.2  Plant material and preparation of HEBT  
Botanical material (aerial parts of Baccharis trimera [Less.] DC) was 
harvested in the Garden of Medicinal Plants of Paranaense University 
(UNIPAR), Umuarama, Paraná, Brazil, which is located at 430 m of altitude 
above sea level (coordinates 23°47′55’’ S, 53°18′48’’ W). A voucher specimen 
(no. 2220) was deposited in the Herbarium of UNIPAR. The material was dried 





ground. Pulverization was performed in industrial crushers, and the material 
was placed in plastic bags until utilization. The hydroethanolic extract (ethanol: 
water, 9:1) was prepared by soaking at room temperature (Prista et al. 1975) 
until exhaustion, filtered, and concentrated at reduced pressure in a rotatory 
evaporator, with the temperature not exceeding 55°C. The final yield of dried B. 
trimera extract was 9.51%. After complete removal of the organic solvent, the 
residue was frozen in liquid nitrogen and freeze-dried. The final product (HEBT) 
was stored in a tightly sealed glass bottle and kept in a freezer until its 
utilization. The freeze-dried extract was dissolved in 2 ml of distilled water and 
20 µl of 2% Tween immediately before the experiments.  
 
2.3 Chemical analysis of HEBT  
Nuclear magnetic resonance (NMR) spectra (1H, HSQC and HMBC) of 
HEBT were recorded on a Bruker Avance 400 spectrometer, observing 1H at 
400 MHz and 13C at 100 MHz, respectively. The solvent was CD3OD, with TMS 
as the internal reference. 
The high-performance liquid chromatography (HPLC) fingerprint analysis 
of HEBT was performed using a Waters high-performance liquid chromatograph 
equipped with a 2998 photodiode array detector and Waters X-Terra C18 
column (250  4.6 mm, 5 μm particle size). The eluent consisted of MeOH-H2O 
with 0.05% trifluoroacetic acid, applied in a linear gradient from 10:90 to 100:0 
over 70 min. The flow rate was 1 ml·min-1. The column effluent was monitored 
at 254 and 325 nm. 
 
2.4 In vitro free radical scavenging activity of HEBT 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) is a stable free radical that has 
been widely used as a tool to estimate the free radical scavenging activity of 
antioxidants. The reduction capacity of the DPPH radical was determined by the 
decrease in absorbance that was induced by antioxidants according to Blois 
(1958) and Chen et al. (2004), with modifications. To determine whether HEBT 
has free radical scavenging activity, different concentrations (1, 10, 100, and 
1000 µg·ml-1) were mixed with DPPH methanolic solution (10 µg·ml-1). Ascorbic 
acid (50 µg·ml-1) was used as a positive control, and distilled water was used as 





spectrophotometer and the values were interpolated into a standard curve (0.0 
to 60.0 µg of DPPH) and are expressed as µM of DPPH. 
 
2.2  Animals 
The ethanol-induced gastric ulcer, acetic acid-induced chronic gastric 
ulcer, and pylorus ligature experiments were conducted using adult female 
Wistar rats, 8-10 weeks old and weighing 180-200 g. Swiss male or female 
mice, 8-10 weeks old and weighing 25-35 g, were used to evaluate the effects 
of chronic ethanol consumption on the stomach, the effects of HEBT on 
gastrointestinal motility, and the LD50 (median lethal dose) of HEBT. The 
rodents were housed at 22 ± 2C under a 12 h/12 h light/dark cycle with ad 
libitum access to food and water. They were food-deprived for 12 h prior to the 
experiments. All of the experiments were approved by the Institutional Ethics 
Committee of the Federal University of Paraná (approval no. 810 and 619) and 
were performed in accordance with international standards and ethical 
guidelines on animal welfare.  
 
2.3 Animal models used to evaluate HEBT gastroprotection 
First of all the in vivo models used for investigating gastroprotection are 
described (section 2.6). The biological materials collected from these 
experiments were further processed in order to answer the aims of this study. 
The procedures realized with the collected material are sequentially described 
(sections 2.7 to 2.11).  
 
2.3.1 Induction of acute gastric ulcers by ethanol in rats 
Acute gastric ulcers were induced by the intragastric administration of 
ethanol P.A. as described by Robert et al. (1979). Omeprazole has been 
previously shown to inhibit ethanol-induced gastric lesion formation (Burci et al. 
2013), so it was used as a positive control for lesion inhibition. Rats (n = 8) were 
pretreated with vehicle (control; water plus 2% Tween, 1 ml·kg-1, p.o.), 
omeprazole (40 mg·kg-1, p.o.), or HEBT (3, 10, and 30 mg·kg-1, p.o.) 1 h before 
the oral administration of ethanol P.A. (0.50 ml·200 g-1). One hour after ethanol 
administration, the rats were euthanized by cervical dislocation. The stomachs 





measured as length (mm)  width (mm) using Image Tool 3.0 software. The 
dose of 30 mg·kg-1 was chosen to evaluate all other parameters in this study. 
 
2.3.2 Induction of chronic ulcers by acetic acid in rats 
Chronic gastric ulcers were induced by acetic acid as described previously 
(Okabe et al. 1971), with modifications. The rats (n = 6) were anaesthetized 
with 7.50 mg·kg-1 xylazine and 60 mg·kg-1 ketamine (i.p.). After laparotomy, the 
stomach was exposed, and 80% acetic acid (v/v, 0.50 ml) instilled into a 
cylinder (6 mm diameter) was applied to the serosal surface of the stomach for 
1 min. Acetic acid was removed by aspiration, the area of contact was washed 
with sterile saline, the stomach was replaced and the cavity sutured. Forty-eight 
hours after ulcer induction, the rats were orally treated with vehicle (water plus 
2% Tween, 1 ml·kg-1), omeprazole (40 mg·kg-1), or HEBT (30 mg·kg-1) twice 
daily for 7 days. 
On the day following the last treatment, the animals were euthanized by 
cervical dislocation. The stomachs were removed and opened throughout the 
great curvature. The total ulcer area was measured as length (mm)  width 
(mm) using Image Tool 3.0 software. 
 
2.3.3 Chronic ethanol consumption in mice 
The effects of chronic ethanol consumption on the stomach were 
evaluated using the model proposed by Lívero et al. (2014). The mice were 
separated into individual cages, and food intake, fluid consumption, and body 
weight were controlled. During 6 experimental weeks, the mice received a low-
protein diet (chow with 6% protein) and fluid that contained either 10% ethanol 
(n = 16) or water (n = 12). In the last 2 weeks, the animals were redistributed 
into four groups for the initiation of treatment with HEBT (30 mg·kg-1, p.o.) or 
vehicle (water plus 2% Tween, 1 ml·kg-1) once per day for 14 days. At the same 
time, we evaluate a naive group (normal-protein diet, chow with 23% protein). 
Thus, the final groups were the following: Naive (water + vehicle, n = 6), WV 
(negative control; water + vehicle, n = 6), EV (positive control; ethanol + vehicle, 
n = 8), and EHEBT (ethanol + 30 mg·kg-1 HEBT, n = 8). At the end of 6 
experimental weeks, the animals were fasted for 12 h and then anesthetized 





was performed to collect the stomach, and the animals were euthanized by 
puncture of the diaphragm, under anesthesia. 
 
2.3.4 Induction of hypersecretion by pylorus ligature in rats 
Pylorus ligature was carefully performed in fasted rats under anesthesia 
(Shay et al. 1945). The pylorus was located and ligated with a suture to 
maintain the gastric content in the stomach. The animals (n = 6) were treated 
with vehicle (water plus 2% Tween, 1 ml·kg-1, intraduodenal [i.d.], p.o., or 
intraperitoneal [i.p.]), omeprazole (40 mg·kg-1, p.o.), or HEBT (30 mg·kg-1, i.d.; 
30 mg·kg-1, p.o.; or 30 mg·kg-1, i.p.) immediately after (i.d. or i.p.) or 1 h before 
(p.o.) pylorus ligature. Four hours after pyloric ligation, the animals were 
euthanized by cervical dislocation. The stomach was opened, and gastric 
secretions were collected. 
 
2.3.5 Determination of gastrointestinal motility  
Fasted female Swiss mice (n = 6) were orally treated with HEBT (30 
mg·kg-1) or vehicle (water plus 2% Tween, 1 ml·kg-1) or subcutaneously treated 
with atropine (3 mg·kg-1) 60 min before oral administration of 0.50 ml of a semi-
solid solution of 0.05% phenol red and 1.50% methylcellulose. After 15 min, the 
animals were euthanized by cervical dislocation, and the stomach and small 
intestine were quickly removed. Determinations were made using a modification 
of a previously described method (Suchitra et al. 2003). Gastric emptying was 
measured as the amount of marker that remained in the stomach at the end of 
the experiment. The stomachs were individually homogenized with 7 ml of 
distilled water and centrifuged at 1500  g for 15 min. Equal amounts (1 ml) of 
supernatant and 0.025 M NaOH were mixed, and absorbance was read at 560 
nm using a spectrophotometer. Gastric emptying (%GE) was calculated using 
the following equation: %GE = 100 − (X × 100·Y-1), where X is the absorbance 
of phenol red recovered from the stomach in animals that were euthanized 15 
min after marker administration, and Y is the mean (n = 8) absorbance of 
phenol red that was recovered from the stomach in control animals that were 
euthanized immediately after marker administration. 
Intestinal transit was measured as the distance travelled by the marker in 





the ileocaecal junction. The total length of the small intestine and distance 
travelled by phenol red were then measured. Intestinal transit was calculated as 
the following: %IT = X·Y-1 × 100, where X is the distance travelled by phenol 
red, and Y is the total length of the small intestine. 
 
2.4  Preparation of stomach homogenate 
Stomach samples from rats that were exposed to acute gastric lesions 
induced by ethanol P.A. and mice subjected to chronic consumption of 10% 
ethanol were homogenized with 200 mM potassium phosphate buffer, pH 6.5. 
The homogenate was used to measure reduced glutathione (GSH) and 
hydroperoxide (LOOH) levels. The material was then centrifuged at 9000  g for 
20 min, and the supernatant was used to determine superoxide dismutase 
(SOD), glutathione-S-transferase (GST) and protein levels. 
 
2.5 Evaluation of antioxidant system 
2.5.1 Determination of reduced glutathione (GSH) levels 
Reduced glutathione levels were determined in gastric mucosa according 
to the method of Sedlak and Lindsay (1968). Aliquots of tissue homogenate 
were mixed with 12.50% trichloroacetic acid, vortexed, and centrifuged for 15 
min at 6000  g. The supernatant was reserved, and TRIS buffer (0.40 M, pH 
8.9) and 5,5’-dithiobis 2-nitrobenzoic acid (DTNB; 0.01 M) were added. 
Absorbance was read at 415 nm using a spectrophotometer. The procedures 
were performed at 4C, and the individual values were interpolated into a 
standard curve of GSH (0.37-3.0 µg·ml-1) and are expressed as µg·g of tissue-1. 
 
2.5.2 Determination of lipid hydroperoxide (LOOH) content 
The levels of gastric LOOH were determined using the ferrous oxidation-
xylenol orange (FOX2) method as described by Jiang et al. (1992). Briefly, 100 
μl of methanol P.A. was added to 100 μl of supernatant, vortexed, and 
centrifuged at 9700  g for 5 min at 4C. The supernatant was mixed with FOX2 
reagent (4 mM butylated hydroxytoluene [BHT], 250 mM FeSO4, 25 mM H2SO4, 





temperature. Absorbance was read at 560 nm in a microplate reader, and the 
concentration of LOOH is expressed as mmol hydroperoxide·mg of protein-1. 
 
2.5.3 Determination of enzymatic activity of superoxide dismutase (SOD) 
Superoxide dismutase activity was measured in terms of the ability of 
SOD to inhibit pyrogallol autoxidation, according to Gao et al. (1998). Pyrogallol 
(1 mM) was added to buffer solution (200 mM Tris ethylenediaminetetraacetic 
acid, pH 8.5) and gastric glandular supernatant aliquots and then vortexed for 1 
min. The reaction was incubated for 30 min at room temperature and stopped 
with the addition of 1N HCl. The absorbance of the resulting supernatant was 
measured at 405 nm using a spectrophotometer. The amount of SOD that 
inhibited the oxidation of pyrogallol by 50% (relative to the control) was defined 
as one unit of SOD activity. 
 
2.5.4 Determination of glutathione S-transferase (GST) activity 
Glutathione S-transferase activity was measured using the method of 
Habig et al. (1974). Reactions were performed in the presence of supernatant 
aliquots, 1 mM 1-chloro-2,4-dinitrobenzene (CDNB), 1 mM GSH, and 100 mM 
potassium phosphate buffer (pH 6.5) at room temperature. The conjugation of 
CDNB with GSH was monitored at 340 nm for 180 s. Specific activity was 
calculated using an extinction coefficient of 9.6·mM-1·cm-1 for GSH, and the 
results are expressed as mmol·min-1·mg of protein-1. 
 
2.8.5 Protein assay 
The protein content in stomach tissue was measured to express the results 
of the oxidative stress parameters. Protein concentrations of the supernatants 
were determined by the Bradford method (Bio-Rad®, Hercules, CA, USA) using 
bovine serum albumin (125-1000 μg) as the standard and performed according 
to the manufacturer’s instructions. 10 µL of supernatant was mixed with 250 µL 
of Bradford solution. Reading was performed at 595 nm and values are 
expressed as mg of protein. 
 





Gastric mucus was measured using glandular segments of the mucosa with 
or without acute lesions induced by ethanol P.A. The gastric tissues were 
weighed and immediately transferred to 0.10% Alcian blue solution prepared in 
50 mM sucrose and 0.16 mM sodium acetate (pH 5) and stained for 2 h at room 
temperature. Excess dye was removed by two successive rinses with sucrose 
solution (0.25 mM), and the mucus-dye complex was extracted with 0.50 mM 
magnesium chloride solution, which was shaken for 1 min during 2 h at 30 min 
intervals. The resultant blue extract was then mixed with an equal volume of 
diethyl ether and centrifuged at 16100  g for 10 min. The absorbance of the 
supernatant was read at 598 nm using a spectrophotometer. The amount of 
mucus was calculated using a standard curve for Alcian blue (6.25-100 μg·ml-1), 
and the results are expressed as μg of Alcian blue·g tissue-1 (Corne et al. 
1974). 
 
2.7  Quantification of peptic activity 
Measurements of volume and total gastric acidity were performed 
immediately after collecting gastric acid produced 4 h after pyloric ligation, as 
described previously (Baggio et al. 2005). To quantify pepsin activity, 100 l of 
gastric acid secretions was collected, transferred to polypropylene tubes, and 
incubated with 500 l of bovine albumin solution (5 mg·ml-1 in 0.06 N HCl) at 
37C for 10 min. The reaction was stopped by adding 500 l of 10% 
trichloroacetic acid and centrifuged at 1500  g for 20 min. The supernatant (1 
ml) was then separated and alkalized with 5 ml of 0.55 M sodium carbonate. 
Afterward, 500 l of 1N Folin reagent was added to the tubes and incubated for 
30 min at room temperature. A volume of 300 l from each tube was then 
transferred to a microplate, and absorbance was read at 660 nm using a 
spectrophotometer. Individual values were interpolated with a tyrosine standard 
curve (30-1000 mmol·ml-1), and the results are expressed as mmol of tyrosine·4 
h-1 (Anson, 1938). 
 
2.8  Histology 
Stomach histology was performed to evaluate microscopic alterations that 





recovery promoted by HEBT. Samples of gastric ulcers were quickly harvested, 
fixed in ALFAC solution (alcohol 80 ºGL, formaldehyde at 40% and glacial 
acetic acid), dehydrated with alcohol and xylene, embedded in paraffin wax, 
and sectioned at 6 μm for histological evaluation after hematoxylin/eosin (HE) 
staining. The gastric sections were observed and photographed with a slide 
scanner from MetaSystems (MetaViewer version 2.0.100) at 20 and 100 
magnification. 
 
2.9  In vivo toxicological effects of HEBT 
The acute toxicity of HEBT was determined as the LD50. Male Swiss mice 
(25-35 g) were separated into four groups (n = 6) that received one dose of 
HEBT (50, 500, 1000, and 5000 mg·kg-1) by oral gavage, and another group 
received one intraperitoneal dose of HEBT (1000 mg·kg-1). These animals were 
compared with the control group, which received 2% Tween solution (vehicle) 
orally. 
The mice were monitored for the first 30 min post-administration and 1, 2, 3, 
and 4 h after treatment. Behavioral parameters and clinical symptoms 
(grooming, piloerection, dyspnea, ptosis, abdominal contraction, diarrhea, 
prostration, ataxia, anesthesia, coma and death) were recorded according to 
the methodology described by Almeida et al. (1999). After the first 4 h of 
observation, the animals received water and food and were observed daily for 
the next 14 days to record alterations or deaths. Water and food consumption 
were monitored during all the experiment. After this period, mice were 
anesthetized with isoflurane and underwent laparotomy to perform macroscopic 
observations of the liver, kidneys, adrenal glands, spleen, and lungs. The 
animals were then euthanized by puncture of the diaphragm.  
 
2.10  Statistical analysis 
The data were analyzed for homogeneity of variance and a normal 
distribution. Differences between means were determined by one-way analysis 
of variance (ANOVA) followed by Tukey’s post hoc test. The level of 
significance was set at 95% (p < 0.05). The data are expressed as mean ± 
standard error of the mean (SEM). GraphPad Prism 5.0 software was used to 






3.1 Chemical characterization of HEBT 
The main classes of compounds in HEBT were investigated by detailed 
analysis of selected regions of the NMR 1D and 2D spectra and HPLC-
UV/PAD.  The 1H NMR spectrum of HEBT showed signals for aliphatic (δ 0.60-
2.80), oxy-aliphatic (δ 3.20-5.30), olefinic (δ 5.30-5.50 ppm), and aromatic (δ 
6.30-8.00) protons. An intense doublet at δ 5.40 (J = 3.90 Hz) showed a 
correlation with a carbon at δ 93.30 in the HSQC and cross-peaks in the HMBC 
with carbons at δ 74.50 and 104.40, suggesting the presence of free sucrose 
(Moccelini et al. 2009). Caffeoyl moieties were easily recognized in the 1H NMR 
spectrum as doublets in δ 7.60 and 6.30 (J = 16 Hz), together with several 
multiplets around δ 7.00, 6.90, and 6.80. The protons at δ 7.60 showed 
correlations in the HSQC spectrum with carbons at δ 146.6 and cross-peaks in 
the HMBC with carbons at δ 115.30, 123.20, and 169.70, consistent with data 
for caffeoyl quinic acids (Lee et al. 2010), which were previously reported in B. 
trimera (Abboy et al. 2012; Simões-Pires 2005). The 1H NMR spectrum also 
showed multiplets at δ 6.70, which presented a correlation in the HSQC with the 
carbon at δ 137.50, and cross-peaks in the HMBC with carbons at δ 47.20 and 
172.40. These data are compatible with clerodane diterpenes that were 
previously isolated from B. trimera (Herz et al. 1977; Januário et al. 2004). 
 HEBT was analyzed by HPLC-UV/PAD using the method proposed by 
Simões-Pires et al. (2005). The chromatogram (Fig. 1) showed a different 
profile from the one previously reported under the same analytical conditions. 
The UV spectra at peaks 1-3 and 7-12 were characteristic of the caffeoyl group 
(Aboy et al. 2012; Simões-Pires 2005), whereas peaks 4-6 showed UV 
absorption that is typical of flavones (Rijke et al. 2006). Considering the elution 
sequence and comparisons with the literature (Aboy et al. 2012; Simões-Pires 
2005), peaks 1-3 were identified as caffeoylquinic acid (CQA), peaks 7-9 were 
identified as dicaffeoylquinic acid (diCQA), and peaks 10-12 were identified as 
tricaffeoylquinic acid (triCQA). Peak 8 was identified as 3,5-O-[E]-








Figure 1 Chromatogram of the HEBT. The UV spectra of the peaks 1-3 identified 
monocaffeoylquinic acids, peaks 4-6 showed UV absorptions of flavones and peaks 7-9 and 10-
12 were characteristic of dicaffeoylquinic and tricaffeoylquinic acids, respectively. 
 
3.2 Effect of HEBT on acute gastric lesions induced by ethanol 
 Oral administration of HEBT (3, 10, and 30 mg·kg-1) 1 h before the 
induction of gastric lesions with ethanol P.A. significantly reduced the lesion 
area by 68%, 63%, and 79%, respectively, compared with the control group 
(99.50 ± 14.50 mm2). Omeprazole (the positive control) inhibited gastric lesions 
by 99% (Fig. 2A). The microscopic observations (data not shown) are in 
accordance with the macroscopic appearance of the acute gastric lesions that 
were induced by ethanol and treated with vehicle, omeprazole, or HEBT (Fig. 
2B-D, respectively). Considering that all of the doses of HEBT effectively 
reduced the lesion area and because we sought to reduce the number of 
animals used in the experiments, we chose the 30 mg·kg¹ dose of HEBT for the 








Figure 2 (A) Effect of HEBT on acute gastric lesions induced by ethanol P.A. in rats treated with 
vehicle (C: saline, 1 ml·kg-1, p.o.), omeprazole (O: 40 mg·kg-1, p.o.) or HEBT (3, 10 or 30 mg·kg-
1, p.o.) 1 hour before oral administration of ethanol P.A. (0.50 ml·200g-1). Values are expressed 
as mean  standard error of the mean, analyzed by one-way ANOVA and Tukey’s test. Symbol: 
b p<0.05, when compared with control group. (B-D) Representative macroscopic photograph of 
stomachs of experimental acute gastric lesions induced by ethanol P.A. The animals were 
pretreated orally with vehicle (water plus 2% tween, 1 ml·kg-1, panel B), omeprazole (40 mg·kg-
1, panel C) or HEBT (30 mg·kg-1, panel D). Bars = 1 cm.  
 
 
3.3 Effect of HEBT on gastric wall mucus 
Ethanol P.A. administration decreased gastric mucus levels by 
approximately 49% compared with the non-lesioned group (naive: 1435 ± 
174 µg of alcian blue·g of tissue-1). However, treatment with HEBT and 













Figure 3 Effect of HEBT on gastric wall mucus of rats submitted to acute gastric lesions induced 
by ethanol and treated with vehicle (C: saline, 1ml·kg-1, p.o.), omeprazole (O: 40 mg·kg-1, p.o.) 
or HEBT (30 mg·kg-1, p.o.). Values are expressed as mean  standard error of the mean, 
analyzed by one-way ANOVA and Tukey’s test. Symbol: a p<0.05, when compared with naive 
group.  
 
3.4 Effect of HEBT on markers of gastric oxidative stress in acute gastric 
lesions induced by ethanol 
The administration of ethanol P.A. decreased GSH levels and SOD activity 
by 19.50% and 69.81%, respectively, compared with the non-lesioned group 
(naive: 214.20 ± 6.20 µg GSH·g of tissue-1 and 47.91 ± 0.78 U SOD·mg of 
protein-1; Fig. 4A and B, respectively) and increased GST activity by 165% 
compared with the non-lesioned group (naive: 2.00 ± 0.20 µmol of GST·min-
1·mg of protein-1; Fig. 4C). Treatment with HEBT and omeprazole prevented the 
decrease in GSH but not the decrease in SOD activity or increase in GST 
activity. The administration of ethanol P.A. also increased LOOH levels by 
409% compared with the non-lesioned group (naive: 27.50 ± 4.30 mmol 
LOOH·mg of protein-1; Fig. 4D). HEBT and omeprazole reduced LOOH levels to 








Figure 4 Gastric (A) reduced glutathione (µg GSH·g of tisse-1), (B) superoxide dismutase (U 
SOD·mg protein-1), (C) glutathione-S-Transferase (µmol GST·min-1·mg protein-1) and (D) LOOH 
levels (mmol hydroperoxides·mg of protein-1) of rats submitted to acute gastric lesions induced 
by ethanol and treated with vehicle (C: saline, 1ml·kg-1, p.o.), omeprazole (O: 40 mg·kg-1, p.o.) 
or HEBT (30 mg·kg-1, p.o.). Values are expressed as mean  standard error of the mean, 
analyzed by one-way ANOVA and Tukey’s test. Symbols: a p<0.05, when compared with naive 
group and b p<0.05, when compared with control group. 
 
 
3.5 Effect of HEBT on gastric mucosa in mice exposed to chronic ethanol 
consumption and the antioxidant activity of HEBT in vitro 
Although no macro- and microscopic lesions were observed in gastric 
mucosa in mice that were exposed to chronic 10% ethanol consumption and 
treated with vehicle or HEBT for 14 days (data not shown), several alterations 
were found in antioxidant system, which is closely related with the gastric 
ulcerations. When the animals received ethanol, the levels of GSH and GST 
decreased by 23.52% and 43.80%, respectively, compared with the naive group 
(0.51 ± 0.02 µg GSH·g of tissue-1 and 6.21 ± 0.29 µmol·min-1·mg of protein-1; 
Fig. 5A and C, respectively). Chronic ethanol consumption also increased 
LOOH levels and SOD activity by 60.71% and 248.67%, respectively, compared 
with the naive group (93.89 ± 7.35 mmol LOOH·mg of protein-1 and 8.69 ± 0.50 





treatment with HEBT restored GSH levels, GST activity, and LOOH content to 
basal levels and normalized SOD activity (Fig. 5). 
Corroborating the in vivo antioxidant capacity of HEBT, the in vitro DPPH 
test showed that HEBT concentration-dependently scavenged DPPH radicals, 
with an IC50 of 1.707 µg·ml-1 (Fig. 6). Ascorbic acid was used as a positive 
control, which reduced DPPH levels by 82.50% compared with water (the 




Figure 5 Gastric (A) reduced glutathione (µg GSH·g of tisse-1), (B) superoxide dismutase (U 
SOD·mg protein-1), (C) glutathione-S-Transferase (µmol GST·min-1·mg protein-1) and (D) LOOH 
levels (mmol hydroperoxides·mg of protein-1) of mice submitted to chronic ethanol consumption. 
Groups: naive, WV (low-protein diet, water and vehicle, p.o.), EV (low-protein diet, ethanol and 
vehicle, p.o.) or EHEBT (low-protein diet, ethanol and 30 mg·kg-1 of HEBT, p.o.). Values are 
expressed as mean  standard error of the mean, analyzed by one-way ANOVA and Tukey’s 












Figure 6 Effect of HEBT (1, 10, 100 and 1000 µg·ml-1) on the ability to scavenge the stable free-
radical DPPH. Ascorbic acid (AA, 50 µg·ml-1) was used as positive control and distilled water 
(C) was used as negative control. Values are expressed as mean  standard error of the mean, 
analyzed by one-way ANOVA and Tukey’s test. Symbol: *p<0.05 negative control group. 
 
3.6 Effect of HEBT on chronic gastric ulcers induced by acid acetic 
The oral administration of HEBT or omeprazole twice daily for 7 days 
reduced gastric ulceration that was induced by acetic acid by 64% and 61%, 
respectively, compared with the control group (151.00 ± 12.80 mm2; Fig. 7A). 
No mortality and no significant difference in body weight gain were found, with 
no signs of toxicity in any of the treatment groups during the 7 days of the study 
(data not shown). 
Microscopically, extensive, deep damage was observed in the gastric 
mucosa in acetic acid-lesioned and vehicle-treated animals, consistent with the 
macroscopic appearance of this chronic gastric lesion (Fig. 7B and C). The 
histological examination indicated that oral treatment with omeprazole and 
HEBT promoted ulcer healing, with contraction of the base of the ulcer (Fig. 7D 








Figure 7 (A) Effects of HEBT on chronic gastric ulcer induced by 80% acid acetic in rats treated 
with vehicle (C: saline, 1ml·kg-1, p.o.), omeprazole (O: 40 mg·kg-1, p.o.) or HEBT (30 mg·kg-1, 
p.o.) twice a day, for 7 days. Values were expressed as mean  standard error of the mean, 
analyzed by one-way ANOVA and Tukey’s test. Symbol: b p<0.05, when compared with control 
group. (B-G) Representative macroscopic photograph of stomachs and histological 
hematoxylin/eosin (HE) sections (100x) of chronic gastric ulcer induced by 80% acetic acid in 
rats. Animals were orally treated with vehicle (water, 1 ml·kg-1; Panel B and C), omeprazole (40 
mg·kg-1; Panel D and E) or HEBT (30 mg·kg-1; Panel F and G) twice a day for seven days after 
the gastric ulcer induction. Bars = 1 cm (B, D, F) and 1 mm (C, E, G). M indicates margin and B 
indicates the base of the ulcer. Arrows indicated the ulcers area.  
 
 
3.7 Effect of HEBT on gastric acid secretion 
Intraduodenal, intraperitoneal, and oral administration of HEBT did not 
change the volume, total acidity, or peptic activity of gastric content in rats with 
hypersecretion that was induced by pylorus ligature for 4 h (Table 1). As 
expected, omeprazole reduced gastric volume, total acidity, and peptic activity 












TABLE 1. Effects of HEBT on gastric acid secretion. 
 
Values are expressed as means ± S.E.M. (n=8). Statistical comparison was performed using 
ANOVA followed by Tukey’s test. a p<0.05 when compared with vehicle. 
 
3.8  Effect of HEBT on gastric emptying and intestinal transit 
Treatment with atropine (the positive control) reduced gastric emptying by 
42.30% compared with the vehicle group, but no effect of HEBT was found 
(Table 2). The oral administration of HEBT did not alter intestinal transit 
compared with the vehicle group. Atropine reduced intestinal transit by 48.30%. 
 





Values are expressed as means ± S.E.M. (n=8). Statistical comparison was performed using 
ANOVA followed by Tukey’s test. a p<0.05 when compared with vehicle. 
 
3.9 Analysis of in vivo toxicity of HEBT 
The oral or intraperitoneal administration of HEBT did not produce mortality 





Peptic activity  
(mmol of tirosine·4h-1) 
  
Vehicle 7.34 ± 1.45 0.053 ± 0.011 2241.00 ± 133.80   
Omeprazole  3.50 ± 0.31a  0.017 ± 0.001a 637.10 ± 75.89a   
HEBT (p.o.) 5.80 ± 1.11 0.046 ± 0.008 1969.00 ± 110.70   
HEBT (i.d.) 6.00 ± 0.88 0.041 ± 0.007 2195.00 ± 128.10   
HEBT (i.p.) 4.96 ± 0.65 0.037 ± 0.007 1896.00 ± 232.10   
 Gastric emptying 
          (%) 
Intestinal transit      
           (%) 
  
Vehicle 73.58 ± 3.45 51.65 ± 3.94   
Atropine 42.50 ± 11.19a 31.34 ± 5.08a   





was > 5000 mg·kg-1. Besides this, no mortality and no significant difference in 
body weight gain were found, with no signs of toxicity in mice orally treated with 
HEBT (30 mg·kg-1, p.o.), once a day, during the 6 weeks (data not shown). 
 
4. Discussion 
The present study investigated the potential protective effects of Baccharis 
trimera hydroethanolic extract against acute and chronic stomach ulceration 
(induced by ethanol and acetic acid, respectively), the gastroprotective effects 
of HEBT on prolonged ethanol consumption, possible mechanism of 
gastroprotection of the extract, and acute toxicity of HEBT with several doses in 
different routes. The results are interesting because, unlike the previous reports, 
we found a potent anti-ulcerogenic action using lower doses of B. trimera 
extract. Also, this is the first study reporting gastric B. trimera antioxidant 
activity. In addition, using different doses and routes of administration we 
showed the safety of HEBT. This encourages the advancement of research 
indicating B. trimera as therapeutic agent for gastroprotection. 
Biondo et al. (2011) reported the antiulcer activity of 1000 and 2000 mg·kg-1 
dose of aqueous B. trimera extract in a stress-induced ulcer model, in mice 
submitted to 4ºC, during 2 hours. Mendonça et al. (2013) also described (1) 
anti-ulcer activity of B. trimera in a stress-induced ulcer model with rats 
submitted to -18ºC, during 45 minutes and (2) acute gastric ulcer induced by 
90% ethanol, through gavage, using 100, 200 and 400 mg·kg-1 dose of 
hydroethanolic extract (70%). Finally, Dias et al. (2009) described protective 
effects of 100, 200 and 400 mg·kg-1 dose of hydroethanolic B. trimera extract 
(70%) in a hydrochloric-induced ulcer model (1 ml of 0.3 M of hydrochloric acid 
in 90% ethanol, through gavage). Our study observed pharmacological results 
with a lower dose of a more concentrate B. trimera extract (90%).  The better 
antiulcerogenic activity was observed in rats treated with 30 mg·kg-1 dose, 
which motivated the choice of this dose for subsequent experiments. The oral 
administration of 30 mg·kg-1 dose of HEBT significantly reduced the lesion area 
and macroscopic appearance of acute and chronic ulcers models.   
The model of acetic acid-induced chronic ulcers was used to investigate the 
lesion treatment efficacy of HEBT after identifying the gastroprotective effects of 





acetic acid are macroscopically and histologically similar to lesions in humans 
(Okabe and Amagase, 2005). The healing process is related to various cellular 
mechanisms, including migration, proliferation, re-epithelialization, 
angiogenesis, and extracellular matrix deposition, and these actions are 
mediated by cytokines, prostaglandins, nitric oxide, and growth factors 
(Tarnawski, 2000). The histological analysis in the present study revealed that 
HEBT treatment accelerated the healing of chronic gastric ulcers in rats, 
reflected by contraction of the ulcer base. These results in the acute ethanol 
and chronic acetic acid-induced gastric ulcer models indicate that HEBT has 
both gastroprotective and curative effects. Although HEBT presented these 
beneficial effects, it did not affect intestinal motility or gastric emptying, which 
differed from atropine (the positive control). Therefore, the active compounds 
that are present in 30 mg·kg-1 dose of HEBT likely did not interact with 
gastrointestinal muscarinic receptors.  
Ethanol is commonly used as an ulcerogenic agent in rodents because it 
can produce severe gastric hemorrhagic lesions through the depletion of gastric 
mucus content, damage mucosal blood flow causing mucosal cell injury 
(Birdane et al. 2007). Our data corroborate these observations. For this reason, 
we evaluated whether the maintenance of gastric mucus barrier integrity was 
involved in the gastroprotective activity of B. trimera.  HEBT did not protect 
against gastric wall mucus depletion that was caused by ethanol and did not 
alter gastric secretory volume, pH, or total acidity in pylorus-ligated animals. 
These results suggest that gastric mucus production or antisecretory activity 
may not be directly involved in the gastroprotective effect of 30 mg·kg-1 dose of 
HEBT. Biondo et al. (2011) proposed that B. trimera acts through inhibition of 
gastric acid secretion by acting on the cholinergic regulatory pathway. However, 
in this research, the authors used elevate doses (1000 and 2000 mg·kg-1) of an 
aqueous extract, which can explain our divergent results. 
Besides gastric mucus depletion, ethanol also induces the overproduction of 
free radicals, leading to an increase in lipid peroxidation (Birdane et a. 2007). 
The generation of ROS is critically involved in the pathogenesis of ethanol-
induced gastric damage. Experimental evidence indicates that compounds able 
to revert cell damage induced by ROS can be used to protect against stomach 





oxidative stress by natural products may be a promising treatment against ulcer 
formation (Chen et al. 2003). In the present study, acute exposure and 
prolonged ethanol consumption induced oxidative stress in gastric mucosa. So, 
we evaluated the effects of HEBT on gastric redox status. In the experiment that 
administered ethanol acutely, HEBT prevented the decrease in GSH content 
and reduced LOOH. When mice received 10% ethanol chronically (during 6 
weeks), the levels of GSH and GST decreased, and LOOH levels and SOD 
activity increased. Oral treatment with HEBT restored these parameters. Pádua 
et al. (2010) reported that a B. trimera extract significantly reduced ROS 
production and lipoperoxidation in neutrophils. The present results are 
consistent with these reports, in which the oral administration of HEBT reversed 
gastric ulceration by elevating the activity of antioxidant enzymes, reflected by a 
decrease in lipoperoxidation levels. These data indicate that the antiulcerogenic 
activity of HEBT may be at least partially attributable to the inhibition of free 
radical generation and subsequent prevention of lipid peroxidation.  
The expressive antioxidant effect of HEBT may be linked to its high radical 
scavenging activity, which was observed in the DPPH test. This activity was 
also reported for others species of Baccharis, including B. grisebachii, B. 
platypoda, and B. illinita and is likely attributable to the presence of phenolic 
compounds (caffeoyl quinic acids and flavonoids) that are recognized as potent 
antioxidants (Tapia et al. 2004; Brighente et al. 2007).  
In addition to caffeoylquinic acids, B. trimera contains essential oils 
(Brighente et al. 2007) and non-volatile compounds, such as diterpenes and 
flavonoids (Aboy et al. 2012; Simões-Pires et al. 2005; Verdi et al. 2005). In the 
present study, the NMR analysis identified sugars, caffeoylquinic acids, and 
clerodane diterpenes in HEBT. The HPLC-UV/PAD analysis confirmed the 
presence of nine caffeoylquinic acids (CQA, diCQA, and triCQA) and three 
flavones. One intense peak was identified as 3,5-O-[E]-dicaffeoylquinic acid, a 
compound that has been previously reported to be present in B. trimera (Aboy 
et al. 2012; Simões-Pires et al. 2005). Therefore, the actions of HEBT likely 
result from the concomitant action of several of its constituents. 
Finally, we also investigated the toxic effects of HEBT in vivo. The acute 
toxicity test showed no signs of toxicity, such as alterations in water or food 





the absence of toxicity of different doses of HEBT administered orally (50-5000 
mg·kg-1) or intraperitoneally (1000 mg·kg-1), and indicating the safety of HEBT, 
even at high doses. Our data corroborate those from Dias et al. (2009) and 
Nogueira et al. (2011), who did not find alteration in mice after 2 weeks of a 
single 5000 mg·kg-1 dose of B. trimera, p.o., and 4.20 or 42.00 mg·kg-1 of B. 
trimera isolated compounds. The last authors observed toxic effects of B. 
trimera compounds only on kidneys cells in vitro. 
In conclusion, the present study provides evidence that the oral 
administration of HEBT has potent gastroprotective effects against acute and 
chronic ulcers, reflected by a reduction of the lesion area and suppression of 
gastric oxidative stress, without signs of systemic toxicity. Different from 
previous reports, we described the Baccharis trimera antiulcerogenic activity 
with lower doses. These results indicate that HEBT may have therapeutic 
efficacy against gastric lesions that are mainly caused by ethanol. 
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6. CONSIDERAÇÕES FINAIS 
Diante dos resultados obtidos neste trabalho, conclui-se que a 
administração oral do extrato hidroetanólico de Baccharis trimera: 
 
1. No modelo de estudo de esteatose hepática alcoólica, na 
dose oral de 30 mg.kg-1: 
 Diminuiu os níveis plasmáticos e hepáticos de colesterol, 
triglicerídeos, HDL e LDL; 
 Aumentou a excreção fecal de triglicerídeos;  
 Reverteu o estresse oxidativo hepático induzido pelo etanol em 
camundongos, refletido pela redução da lipoperoxidação e dos níveis 
de espécies reativas de oxigênio totais, bem como pela normalização 
dos níveis de GSH, e da atividade da Cat, SOD, GPx e GST; 
 Reverteu as alterações histológicas hepáticas induzidas pelo etanol; 
 Normalizou a expressão de genes envolvidos no metabolismo do 
etanol, no sistema antioxidante e na lipogênese, como o Cyp2e1, 
Nrf2 e Scd1; 
 Não induziu sinais de toxicidade nos animais. 
 
2. Nos modelos de estudo de lesão gástrica, nas doses orais de 
3 a 30 mg.kg-1: 
 Apresentou potente atividade gastroprotetora contra úlceras agudas 
e crônicas; 
 Reduziu a área de lesão induzida por etanol e ácido acético; 






 Suprimiu o estresse oxidativo gástrico, restaurando os níveis de 
GSH, LPO e a atividade da GST e da SOD no modelo de 
administração prolongada de etanol; 
 Não alterou a produção de muco e a secreção gástrica, bem como a 
motilidade intestinal; 
 Doses mais baixas foram eficazes em promover ação 
gastroprotetora; 
 Doses baixas ou elevadas do HEBT não induziram sinais de 
toxicidade nos animais. 
 
Diante dos resultados supracitados o HEBT apresenta eficácia 
terapêutica contra lesões gástricas induzidas por etanol, bem como pode 
ser considerado um agente farmacológico promissor para o tratamento 
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